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APPEAL BRIEF UNDER 37 C.F.R. §4137 

This Brief is in furtherance of the Notice of Appeal filed in this Application Serial No. 
09/747,731 on November 6, 2006. A one-montli extension of time being submitted herewith. 

This appeal is in response to the Final Rejection of August 1 0, 2006 rejecting all tlie pending 

claims. 

The claims of the present application are clearly patentable over the cited references, as will 
be shown infra, and Appellants respectfully request the Board to so rule and allow the application,. 

i. STATEMENT OF REAL PARTY IN INTEREST 

The real party in interest in this appeal is the assignee: Semiconductor Energy Laboratory 
Co., Ltd., 398, HasCj Atsugi-shi, Kanagawa-ken 243-0036 Japan. 

ii- STATEMENT OF RELATED APP E ALS AND INTERFERENCES 

To the best of Appellants', Appellants' legal representatives' and Assignee's Imowledge, 
there are no appeals or interferences pending which will affect or be affected by the Board's decision 
in this appeal. 

ill STATUS OF CLAIMS 

Claims 20-22, 37-40, 43^45, 48, 49, 53-1 76 are pending and rejected. Claims 20-22, 37-40, 
43-45, 48, 49, 53-176 are the appealed claims and appear infi-a at p. 49 et seq. 
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iv, STATUS OF AMENDMENTS 

No amendment after final has been filed in this application. 



v> SUMMARY OF CLAIMED SUBJECT MATTER 

In accordance with §4L37(c)(v), Appellants are providing the following concise explanation 
of the claimed subject matter. Appellants are providing examples of where each claim element is 
shown or discussed in the specification and drawings of the present application. These citations are 
merely examples, as the application has further disclosure of these elements tlnoughout the 
application. 

The dependent claims are based, either directly or indirectly^ on one of the independent 
claims, and accordingly, all the elements listed for the respective independent claims, and the support 
for these elements in the specification and drawings are as mentioned herein. These dependent 
claims also add additional elements or limitations which ai'e supported in the specification and 
drawings. 

Independent Claim 20 is directed to a method of manufacturing an electroluminescence 
display device comprising; 

providing a first evaporation source (212) in a first evaporation chamber (201; 
506(A)) (page 8^ line 12; page 9, line 19; page 13, lines 5-7, 9-11; page 14, lines 5-7; Figs. 2A-5); 

providing a second evaporation source (212) in a second evaporation chamber (201; 
509(B)) (page 14, lines 8-16; Figs* 2A, 5) wherein each of the first and second evaporation sources 
has a first direction and a second direction different from each other (page 5, lines 22-26), each of 
the fust and second evaporation sources (212) being longer in the first direction than in the second 
USSN 09/747,731 Page 2 



direction (page 4, lines 1-4; Fig, 2A); 

disposing a substrate (203) in the first evaporation chainber (page 8, lines 12-17; Fig. 

2 J 

fixing a mask (208) to the substrate wherein the mask is located between the substrate 
and the first evaporation source (page 8^ lines 19-2!; page 4, lines 12-15; Figure 2B); 

evaporating a first material from said first evaporation source to deposit said first 
material over the substrate (page 5, lines 6-10; page 10, lines 4-9) wherein the relative position of 
the substrate is repeatedly moved with respect to the first evaporation source during the evaporation 
of the first mateiial (page 4, lines 26-27; page 5, lines 1-5; page 10, lines 10-21) in order that a 
same portion of the substrate is coated with the first material at least twice (page 5, lines 2-5; page 
5, lines 14-15); 

transferring the substrate from the first evaporation chamber into the second 
evaporation chamber after the deposition of the first material (page 11, lines 11-13; Fig, 5); 

evaporating a second material from said second evaporation source to deposit said 
second material over the substrate (page 10, lines 19-21) wherein the relative position of the 
substrate is moved with respect to the second evaporation source during the evaporation of the 
second materiaL 

hrdependent Claim 37 is directed to a method of manufacturing an electroluminescence 
display device comprising: 

providing a first evaporation source (212) in an evaporation chamber (201; 506(A)) 
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(page 8, line 12; page 9, line 19; page 13, lines 5-7, 9-11; page 14, lines 5-7; Figs, 2A-5); 

providing a second evaporation source (212) in a second chamber (201; 509(B)) 
(page 14, lines 8-16; Figs* 2A, 5) connected to the evaporation chamber wherein each of the first 
and second evaporation sources has a first direction and a second direction different from each other' 
(page 3, lines 22-26), each of the first and second evaporation sources (212) being longer in the first 
direction than in the second direction (page 4, lines 1-4; Fig. 2A); 

disposing a substrate (203) in the evaporation chamber (page 8, lines 12-17; Fig^ 2A); 

fixing a mask (208) to the substrate wherein the mask is located between the substrate 
and the first evaporation source (page 8, lines 19-21; page 4, lines 12-15; Figure 2B); 

evaporating a first material from said first evaporation source to deposit said first 
material over the substrate (page 5, lines 6-10; page 10, lines 4-9) in the evaporation chamber; 

transferring the second evaporation source from the second chamber' into the 
evaporation chamber after evaporating the first material (page 11, lines 11-13; Fig* 5); 

evaporating a second material from said second evaporation source to deposit said 
second material over the substrate (page 10, lines 19-21) in the evaporation chamber'; and 

repeatedly moving the relative position of the second evaporation source with respect 
to the substrate along the second direction dur ing the step of evaporating the second material in order 
that a same portion of the substrate is coated with the second material at least twice.. 

h^idependent Claim 38 is directed to a method of manufacturing an electroluminescence 
display device comprising: 
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providing a first evaporation source (21.2) in an evaporation chamber (201; 506(A)) 
(page 8, line 12; page 9, line 19; page 13, lines 5-7, 9-11; page 14, lines 5-7; Figs. 2A-5); 

providing a second evaporation source (212) in a second chainber (201; 509(B)) 
(page 14, lines 8-16; Figs, 2A, 5) connected to the evaporation chamber wherein each of the first 
and second evaporation sources has a first direction and a second direction different from each other 
(page 3, lines 22-26), each of the first and second evapor ation sources (212) being longer in the first 
direction than in the second direction (page 4, lines 1-4; Fig. 2A); 

disposing a substrate (203) in the evaporation chainber (page 8, lines 12-17; Fig. 2A); 

fixing a mask (208) to the substrate wherem the mask is located between tlie substrate 
and the first evaporation source (page 8, Hnes 19-21; page 4, lines 12-15; Fignre 2B); 

evaporating a first material from said first evaporation source to deposit said first 
material over the substrate (page 5, lines 6-10; page 10^ lines 4-9) in the evaporation chamber; 

repeatedly moving the relative position of the first evaporation source with respect to 
the substrate along the second direction during the step of evaporating the first material (page 4, 
lines 26-27; page 5, lines 1-5; page 10, lines 10-21) in order that a same portion of the substrate is 
coated with the first material at least t^vice (page 5j lines 2-5; page 5, lines 14-15); 

transferring the second evaporation source from the second chamber into the 
evaporation chamber after evaporating the first material (page 11, lines 11-13; Fig, 5); 

evaporating a second material from said second evaporation source to deposit said 
second material over the substrate (page 10^ lines 19-21) in the evaporation chamber; and 

repeatedly moving the relative position of the second evaporation source with respect 
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to the substrate along the second direction during the step of evaporating the second material in order 
that a same portion of the substrate is coated with the second material at least twice, 

wherein each of the first and second evaporation sources is longer than at least one 
edge of the substrate (Fig. 

hidependent Claim 39 is directed to a method of manufacturing an electroluminescence 
display device comprising: 

providing a first evaporation source (212) in an evaporation chamber {201; 506(A)) 
(page 8^ line 12; page 9^ line 19; page 13, lines 5-7, 9-11; page 14, lines 5-7; Figs. 2A-5); wherein 
the first evaporation source comprises a plurality of first evaporation cells arranged along a first 
direction; 

providing a second evaporation source (212) in a second chamber (201; 509(B)) 
(page 14, lines 8-16; Figs, 2A, 5) connected to the evaporation chamber wherein the second 
evaporation source comprises a plurality of second evaporation cells; 

disposing a substrate (203) in the evaporation chamber (page 8, lines 12-17; fig. 2A); 

fixing a mask (208) to the substrate wherein the mask is located between the substrate 
and the first evaporation source (page 8, lines 19-21; page 4, lines 12-15; Figure 2B); 

evaporating a first material from said first evaporation source to deposit said first 
material over the substrate (page 5, lines 6-10; page 10, lines 4-9) in the evaporation chamber; 

transferring the second evaporation source ftom the second chamber into the 
evaporation chamber after evaporating the first material (page 11, lines 11-13; Fig, 5) so that the 
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plurality of second evapofation cells are arranged in the first direction; 

evaporating a second material from said second evaporation source to deposit said 
second material over the substrate (page 10, lines 19-21) in the evaporation chamber; 

repeatedly moving the relative position of the second evaporation source witlr respect 
to the substrate along the second direction during the step of evaporating the second material in order 
that a same portion of the substrate is coated with the second material at least twice; and 

cleaning an inside of the evaporation chamber (page 7j lines 3-7). 

Independent Claim 40 is directed to a method of manufacturing an electroluminescence 
display device comprising: 

providing a fust evaporation source (212) in an evaporation chamber (201; 506(A)) 
(page 8, line 12; page 9, line 19; page 13, lines 5-7, 9-11; page 14, lines 5-7; Figs, 2A-5); wherein 
the first evaporation source comprises a plurality of first evaporation cells arranged along a first 
direction; 

providing a second evaporation source (212) in a second chamber (201; 509(B)) 
(page 14, lines 8-16; Figs. 2A, 5) connected to the evaporation chamber wherein the second 
evaporation source comprises a plurality of second evaporation cells; 

disposing a substrate (203) in the evaporation chamber (page 8, lines 12-17; Fig. 2 A); 

fixing a mask (208) to the substrate wherein the mask is located between tlie substrate 
and the first evaporation source (page 8, lines 19-21; page 4, lines 12-15; Figure 2B); 

evaporating a first material from said first evaporation source to deposit said first 
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material over the substrate (page 5, Hnes 6-10; page 10, lines 4-9) in the evaporation chamber; 

repeatedly moving the relative position of the fir st evaporation source with respect to 
the substrate along a second direction during the step of evaporating the first material (page 4, lines 
26-27; page 5, lines 1-5; page 10, lines 10-21) in order that a same portion of the substrate is coated 
with the first material at least twice (page 5^ lines 2-5; page 5, lines 14-15); 

traitsferring the second evaporation source from the second chamber into the 
evaporation chamber after evaporating the first material (page 11, lines 11-13; Fig* S)so that the 
plurality of second evaporation cells ai'e aiianged in the first direction; 

evaporating a second material from said second evaporation source to deposit said 
second material over the substrate (page 10, lines 19-21) in the evaporation chamber; 

repeatedly moving the relative position of the second evaporation source with respect 
to the substrate along the second direction during the step of evaporating the second material in order 
that a same portion of the substrate is coated with the second material at least twice; and 

cleaning an inside of the evaporation chamber (page 7, lines 3-7), 

wherein each of the first and second evaporation sources is longer than at least one 
edge of the substrate (Fig* 2 A). 

Independent Claim 54 is directed to a method of manufacturing an electroluminescence 
display device comprising: 

providing a first evaporation source (212) in an evaporation chamber (201; 506(A)) 
(page 8, line 12; page 9, line 19; page 13, lines 5-7, 9-11; page 14, lines 5-7; Figs, 2A-S); 
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providing a second evaporation source (212) in a second chamber (201; 509(B)) 
(page 14, lines 8-16; Figs. 2A, 5) connected to the evaporation chamber wherein each of the first 
and second evaporation sources has a first direction and a second direction different from each other 
(page 3, lines 22-26), each of the first and second evapor ation sources (212) being longer in the fir st 
direction than in the second direction (page 4, lines 1-4; Fig, 2A); 

disposing a substrate (203) in the evaporation chamber (page 8, lines 12-17; Fig. 2A); 

fixing a mask (208) to the substrate wherein the mask is located bet^veen tlie substrate 
and the first evaporation source (page 8, lines 19-21; page 4, lines 12™15; Figure 2B); 

evaporating a first material from said first evaporation source to deposit said first 
material over the substrate (page 5, lines 6-10; page 10, lines 4-9) in the evaporation chamber; 

repeatedly moving the relative position of the first evaporation source with respect to 
the substrate along the second direction during the step of evaporating the first material (page 4, 
lines 26-27; page 5, lines 1-5; page 10, lines 10-21) in order that a same portion of the substr ate is 
coated with the first material at least twice (page 5, lines 2-5; page 5, lines 14-15); 

transferring the second evaporation source from the second chamber into the 
evaporation chamber after evaporating the first material (page 1 1 , lines 11-13; Fig, 5); 

evaporating a second material from said second evaporation source to deposit said 
second material over the substrate (page 10, lines 19-21) in the evaporation chamber; 

repeatedly moving the relative position of the second evaporation source witli respect 
to the substrate along the second duection during the step of evaporating tlie second material in order 
that a same portion of the substrate is coated with the second material at least twice; and 
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cleaning an inside of the evaporation chaniber (page 7, lines 3-7). 
Independent Claim 55 is directed to a method of manufacturing an electroluminescence 
display device comprising: 

providing a first evaporation source (212) in air evaporation chamber (201 ; 506(A)) (page 8, 
line 12; page 9, line 19; page 13, lines 5-7, 9-11; page 14, lines 5-7; Figs, 2A-5); 

providing a second evaporation source (212) in a second chamber (201; 509(B)) 
(page 14, lines 8-16; Figs. 5) connected to the evaporation chamber wherein each of the fu st 
and second evaporation sources has a first direction and a second direction different from each other 
(page 3j lines 22-26), each of the first and second evaporation sources (212) being longer in the first 
direction than in the second direction (page 4, lines 1-4; Fig, 2A); 

disposing a substrate (203) in the evaporation chaniber (page 8, lines 12-17; Fig, 

2A); 

fixing a mask (208) to the substrate wherein the mask is located betv/een the substrate 
and the first evaporation source (page 8^ lines 19-21; page 4, lines 12-15; Figure 2B); 

evaporating a first material from said first evaporation source to deposit said first 
material over the substrate (page 5, lines 6-10; page 10^ lines 4-9) in the evaporation chamber; 

repeatedly moving the relative position of the first evaporation source with respect to 
the substrate along the second direction during the step of evaporating the first material (page 4, 
lines 26-27; page 5, lines 1-5; page 10, lines 10-21) in order that a same portion of the substrate is 
coated with the first material at least twice (page 5, lines 2-5; page 5j lines 14-15); 

transferring the second evapor'ation source fi"om the second chamber into the 
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evaporation chamber after evaporating tlie first material (page 11, lines 11-13; Fig, 5); 

evaporating a second material from said second evaporation source to deposit said 
second material over the substrate (page 10, lines 19-21) in the evaporation chamber; 

repeatedly moving the relative position of the second evaporation source witli respect 
to the substrate along the second direction during the step of evaporating the second material in order 
that a same portion of the substrate is coated with the second material at least twice; and 

cleaning an inside of the evaporation chamber (page 7, lines 3-7), 

wherein each of the first and second evaporation sources is longer than at least one 
edge of the substrate (Fig* 2A).. 

Independent Claim 81 is directed to a method of manufacturing an electroluminescence 
display device comprising: 

providing a first evaporation source (212) in a first evaporation chamber (201; 
506(A)) (page 8, line 12; page 9, line 19; page 13, lines 5-7, 9-11; page 14, lines 5-7; Figs. 2A-5); 

providing a second evaporation source (212) in a second evaporation chamber (201; 
509(B)) (page 14, lines 8-16; Figs. 2 A, 5) wherein each of the first and second evaporation sources 
has a first direction and a second direction different from each other (page 3, lines 22-26), each of 
the first and second evaporation sources (212) being longer in the first direction than in the second 
direction (page 4, lines 1-4; Fig, 2A); 

disposing a substrate (203) in the first evaporation chamber (page 8, lines 12-17; Fig, 

2A); 
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fixing a mask (208) to the substrate wherein the mask is located bet^veen the substrate 
and the first evaporation source (page 8, lines 19-21; page 4, lines 12-15; Figure 2B); 

evaporating a first material fi'om said first evaporation source to deposit a hole 
injecting layer over the substrate (page 5, lines 6-10; page 10, lines 4-9) wherein the relative 
position of the substrate is repeatedly moved with respect to the first evaporation source during the 
evaporation of the first material (page 4, lines 26-27; page 5, lines 1-5; page 10, lines 10-21) in 
order that a same portion of the substrate is coated with the material at least twice (page 5j lines 2-5; 
page 5, lines 14-15); 

transfeixing the substrate fi'om the first evaporation chamber into the second 
evaporafion chamber after the deposition of the first material (page 11, lines 11-13; Fig. 5); and 

evaporating a second material from said second evaporation source to deposit a light 
emitting layer over the hole injecting layer wherein the relative position of the substrate is moved 
with respect to the second evaporation source during the evaporation of the second material in the 
second evaporation chamber. 

Independent Claim 85 is directed to a method of manufacturing an electroluminescence 
display device comprising: 

providing a first evaporafion source (212) in a first evaporation chamber (201; 
506(A)) (page 8^ line 12; page 9, line 19; page 13, lines 5-7, 9-11; page 14, lines 5-7; Figs. 2A-5); 

providing a second evaporation source (212) in a second evaporation chamber (201; 
509(B)) (page 14, lines 8-16; Figs. 2 A, 5) wherein each of the first and second evaporation sources 
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has a first direction aiid a second direction different from each other (page 3, lines 22-26), each of 
the first and second evaporation sources (212) being longer in the first direction than in the second 
direction (page 4, lines 1-4; Fig. 2A); 

disposing a substrate (203) in the first evaporation chaniber (page 8, lines 12-17; Fig. 

2A); 

fixing a mask (208) to the substrate wherein the mask is located bet^veen the substrate 
and the first evaporation source (page 8j lines 19-21; page 4, lines 12-15; Figure 2B); 

evaporating a first material from said first evaporation source to deposit a hole 
injecting layer over the substrate (page 5, lines 6-10; page 10, lines 4-9) wherein the relative 
position of the substrate is repeatedly moved with respect to the first evaporation source during the 
evaporation of the first material (page 4, lines 26-27; page 5, lines 1-5; page 10, lines 10-21) in 
order that a same portion of the substrate is coated with the material at least twice (page 5, iines 2-5; 
page 5, lines 14-15); 

transferring the substrate from the first evaporation chajiiber i!ito the second 
evaporation chamber after the deposition of the first material (page 11, lines 11-13; Fig, 5); 

evaporating a second material fi'om said second evaporation source to deposit a light 
emitting layer over the hole injecting layer wherein the relative position of the substrate is moved 
with respect to the second evaporation source during the evaporation of the second material; 

forming a conducting film by evaporation over the light emitting layer; and 

sealing the light emitting layer by sealing material without exposme to the 

atmosphere. 
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Independent Claim 89 is directed to a method of manufacturing an electroluminescence 
display device comprising: 

providing a first evaporation source (212) aiid a second evaporation source (212) in an 
evaporation chamber (201; 506(A); 509(B)) (page 8, line 12; page 9, line 19; page 13, lines 5-7, 9- 
11; page 14, lines 5-7, 8-16; Figs. 2A-5), v/herein each of the first and second evaporation sources 
has a first direction and a second direction different from each other (page 3, lines 22-26), each of 
the first and second evaporation sources (212) being longer in the first direction than in the second 
direction (page 4, lines 1-4; Fig. 2A); 

disposing a substrate (203) in the evaporation chamber (page 8, lines 12-17; Fig* 2 A); 

fixing a mask (208) to the substrate wherein the mask is located between the substrate 
and the first evaporation source (page 8, lines 19-21; page 4» lines 12-15; Figure 2B); 

evaporating a first material from the first evaporation source to deposit said first 
material over a first pixel portion of the substrate (page 5, lines 6-10; page 10, lines 4-9) in the 
evaporation chamber; 

moving the relative position of the first evaporation source with respect to the 
substrate along the second direction during the step of evaporating the first material (page 4, lines 
26-27; page 5, lines 1-5; page 10, lines 10-21); 

moving the mask by one pixel portion (page 10, lines 14-15); 

evaporating a second material from said second evaporation source to deposit said 
second material over a second pixel portion in the evaporation chamber; and 
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moving the relative position of the second evaporation source with respect to the 
substrate along the second direction during the step of evaporating the second material 

hidependent Claim 92 is directed to a method of manufactiaring an electroluminescence 
display device comprising: 

providing an evaporation source (212) in an evaporation chamber (201; 506(A)) 
(page 8, iine 12; page 9, fine 19; page 13, lines 5-7, 9-U; page 14, lines 5-7; Figs, 2A-5), wherein 
the evaporation source has a first direction and a second direction different from each other (page 3, 
lines 22-26), the evaporation source (212) being longer in the first direction than in the second 
direction (page 4, lines 1-4; Fig, 2 A); 

disposing a substrate (203) in the evaporation chamber (page 8, lines 12-17; Fig, 2A); 

fixing a mask (208) to the substrate wherein tlie mask is located between tlie substrate 
and the evaporation source (page 8j lines 19-21; page 4, lines 12-15; Figure 2B); and 

evaporating a material from the evaporation source to fomoi a hole injecting layer over 
the substrate (page 5, lines 6-10; page 10, lines 4-9) wherein the relative position of tlie substrate is 
moved with respect to the evaporation sour ce during the evaporation of the material . 

hidependent Claim 95 is directed to a method of manufacturing an electroluminescence 
display device comprising: 

providing an evaporation source (212) in an evaporation chamber (201; 506(A)) 
(page 8, line 12; page 9, line 19; page 13, lines 5-7, 9-11; page 14, lines 5-7; Figs, 2A-5), wherein 
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tlie evaporation source has a first direction and a second direction different from each other (page 3, 
lines 22-26), the evaporation source (212) being longer in the first direction than in the second 
direction (page 4, lines 1-4; Fig- 2A); 

disposing a substrate (203) in the evaporation chamber (page 8, lines 12-1.7; Fig* 2A); 

fixing a mask (208) to the substrate wherein the mask is located bet"ween the substrate 
and the evaporation source (page 8, lines 19-21; page 4, lines 12-15; Figure 2B); 

evaporating a material from said the evaporation source to form a light emitting layei^ 
over the substrate (page 5, lines 6-10; page 10, lines 4-9) wherein the relative position of the 
substrate is moved with respect to the evaporation source during the evaporation of the material 
(pages 5, lines 2-5, 14-15). 

hidependent Claim 98 is directed to a method of manufacturing an electroluminescence 
display device comprising: 

providing an evaporation source (212) in an evaporation chamber (201; 506(A)) 
(page 8j line 12; page 9, line 19; page 13, lines 5*7, 9-11; page 14, lines 5-7; Figs. 2A-5), wherein 
the evaporation source has a first direction and a second direction different from each other (page 3, 
lines 22-26), the evaporation source (212) being longer in the first direction than in the second 
direction (page 4, lines 1-4; Fig. 2A); 

disposing a substi-ate (203) in tlie evaporation chamber (page 8, lines 12-17; Fig. 2A); 

evaporating a material fiom said evaporation source to form a light emitting layer 
comprising said material over the substrate wherein the relative position of the substrate is moved 
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with respect to the evaporation source during the evaporation of the material (page 5, lines 2-5, 14- 
15). 

Independent Claim 169 is directed to a method of manufacturing an electroluminescence 
display device comprising: 

providing an evaporation source (212) in an evaporation chamber, wherein the 
evaporation source has a first direction and a second direction different from each other (page 3, 
lines 22-26), the evaporation source being longer in the first direction than in the second direction 
(page 4, lines 1-4; Fig* 2A); 

disposing a substrate (203) in the evaporation chamber (page 8, lines 12-17; Fig. 2A); 

fixing a mask (208) to the substrate wherein the mask is located between the substrate 
and the evaporation source (page 8^ lines 19-21; page 4, lines 12-15; Figure 2B); and 

evaporating a material from said the evaporation source to form a light emitting layer 
over the substrate wherein the relative position of the substrate is moved with respect to the 
evaporation source during the evaporation of the material (page 5, lines 2-5, 14-15), 

wherein the mask has at least a rectangular shaped open portion (page 8, lines 23-25; Fig. 
2jAs)j and 

wherein a longitudinal direction of open portion is perpendicular to the first direction of the 
evaporation source. 

Claim 21 is dependent on Claim 20 and recites the method further comprising a step of 
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cleaning an inside of the first and second evaporation chambers, respectively (page 7, lines 3-7). 

Claim 22 is dependent on Claim 20 and recites that said first and second evaporation 
chambers are connected to each other tlirough a conveyor chamber (501) (page 11, lines 6-7; page 
13, lines 7-8; page 14, lines 12-13; Fig. 5) 

Claim 43 is dependent on Claim 37 and recites that said second direction is orthogonal to the 
fust direction (page 3, lines 22-25; Fig. 2A) 

Claim 44 is dependent on Claim 20 and recites that the relative position of the first 
evaporation source is moved with respect to the substrate in a direction orthogonal to an elongation 
direction of the first evaporation source (page 3, lines 22-25; Fig. 2 A).. 

Claim 45 is dependent on Claim 20 and recites that the relative position of the second 
evaporation source is moved with respect to the substrate in a direction orthogonal to an elongation 
direction of the second evaporation source (page 3j lines 22-25; Fig. 2 A). 

Claim 48 is dependent on Claims 20 and 37-40 and recites that at least one of the first and 
second materials comprises an organic material (page 13, lines 5-6). 



Claims 49, 59-62, 1 01 and 176 are dependent on Claims 20, 37-40, 98 and 169, respectively, 
and recite that said display device is an active matrix electroluminescence display device (page 1, 
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lines 1245). 

Claim 53 is dependent on Claims 37 and 39 and recites that the relative position of the first 
evaporation source is repeatedly moved with respect to the substrate so that a same portion of the 
substrate is coated with the first material at least twice (page 5, lines 2-5j 14-15), 

Claims 56-58 and 1 70 are dependent on Claims 38-40 and 1 69, respectively, and recite that 
said second direction is orthogonal to the first direction (page .3, lines 22-25; Fig* 2A). 

Claims 63-69 ai"e dependent on Claims 20, 37-40, 54 and 55, respectively, and recite that 
unifoimity of the distribution of fihn thiclmess of a thin film in a rectangular shape, elliptical shape, 
or a linear shape region is maintained by using the first evaporation source during the evaporation 
(page 3, line 19 - page 4, line 1; page 6j lines 17-23; page 8, lines 22""24) 

Claim 70 is dependent on Claim 20 and recites that said first and second evaporation 
chambers are connected with each other tlirough at least one gate (page 13, line 5; page 14, line 14; 
page 22, line 27 - page 23^ line 1; Fig* 5). 

Claims 71, 72 and 90 are dependent on Claims 54, 55 and 89, respectively, and recite that at 
least one of the first and second mater ials comprises an organic material (page 13, lines 5-6). 



Claim 73 is dependent on Claim 20 and recites that the mask fixed to a mask holder 
USSN 09/747,731 Page 19 



approaches the substrate by a magnet field (page 9, lines 1-5). 

Claims 74-80, 84, 88 and 91 are dependent on Claims 20, 37-40, 54, 55, 81, 85 and 89, 
respectively, and recite that each of the first and second evaporation sources has a length exceeding 
300 mm along the first direction (page 4, lines 1-5; page 9, lines 8-9) 

Claims 82, 86 and 93 are dependent on Claims 81,85 and 92, respectively, and recite that the 
hole injecting layer comprises an organic material (page 1.5, lines 17-18; page 18, line 27 - page 19, 
line 4). 

Claims 83, 87 and 95 are dependent on Claims 81, 85 and 95, respectively, and recites that 
the light emitting layer comprises an organic material (page 13, lines 5-6; page 18, line 27 - page 
19, line 4) 

Claims 94, 97 and 1 00 are dependent on Claims 92, 95 and 98, respectively, and recite that 
the evaporation source has a length exceeding 300 mm along the first direction (page 4, lines 1-5; 
page 9, lines 8-9). 

Claim 99 is dependent on Claim 98 and recites the method further comprising steps of: 

fixing a mask (208) to the substrate wherein the mask is located between the substrate 
and the evaporation source (page 8, lines 19-21; page 4, Iinesl2-15; Fig* 2B). 
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Claims 102, 105, 108, 111, 114, 117, 120, 123, 126aiid 129 are dependent on Claims 20,3 7- 
40, 54, 55, 81, 85 and 89, respectively, and recite that the substrate is located above the first 
evaporation source, 

wherein the first material is fonned on a lov/er surface of the substrate (page 12, lines 13-20; 
Fig, 2B). 

Claims 103, 106, 109, 1 12, 1 15, 1 18, 121, 124, 127, 130, 133, 1 36 and 139 are dependent on 
Claims 20, 37-40, 54, 55, 81 , 85, 89, 92, 95 and 98^ respectively, and recite that a lower surface of 
the substrate is provided with thin films (page 5, lines 2-5; page 12, lines 16-18; Fig. 2B). 

Claims 104, 107, 110, 1 13, 1 16, 1 19, 122, 125, 128, 131, 134, 137 and 140 aie dependent on 
Claims 20, 37-40, 54, 55, 81, 85, 89, 92, 95 and 98, respectively, and recite that a lower surface of 
the substrate is provided with a transparent conducting film (page 12, lines 9-18; Fig. ZB). 

Claims 132, 135 and 138 are dependent on Claims 92, 95 and 98, respectively, and recite that 
the substrate is located above the evaporation source, 

wherein the first material is fonned on a lower surface of the substrate (page 12, lines 13-20; 
Fig. 2B) 



Claims 141, 143 and 173 are dependent on Claims 95, 98 and 169, respectively, and recite 
that said material is organic (page 1, lines 18-19). 
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Claims 142, 144 aiid 174 aie dependent on claims 95, 98 and 169, respectively, and recite 
that said material is inorganic (page 1, lines 18-19). 

Claims 145 and 149 ai"e dependent on Claims 39 and 40, respectively, and recite that a gap 
between said first evaporation cells has a distance a and a distance between said first evaporation 
source and said mask is 2a to 100a (page 6, Hnes 12-16). 

Claims 146 and 150 are dependent on Claims 145 and 149, respectively, and recite that said 
distance between said first evaporation source and said mask is 5a to 50a (page 6, lines 12-16). 

Claims 147 and 1 51 are dependent on Claims 39 and 40, respectively, and recite that a gap 
between said second evaporation cells has a distance a and a distance between said second 
evaporation source and said mask is 2a to 100a (page 6, lines 12-16). 

Claims 148 and 1 52 are dependent on claims 1 47 and 151, respectively, and recite that said 
distance between said second evaporation source and said mask is 5a to 50a (page 6, lines 12-16). 

Claims 153-155 are dependent on Claims 38, 40 and 55, respectively, and recite that during 
evaporation each of the first and second evaporation sources moves fi^om one end of the substrate to 
the other end (page 4, Hnes 26-27; page 10, Hnes 4-5). 



Claims 156-168 and 175 are dependent on Claims 20, 37-40, 54, 55, 81, 85, 89, 92, 95, 98 
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and 169 and recite that said display device is a passive matrix electroluminescence display device 
(page 1^ lines 14-15), 

Claim 171 is dependent on Claim 169 and recites that said electroluminescence display 

device is a color display, 

wherein the substrate is located above the evaporation source, 

wherein a lower surface of the substrate is provided with thin films, 

wherein thin films of materials for emitting different colors ai"e formed for each pixel (page 

1, line 27; page 2, Hoes 1-2; page 4, lines 17-18; page 5, lines 6-9; page 12, lines 12-18; Fig. 2B), 

Claims 172 is dependent on Claim 169 and recites that each of the evaporation sources has a 
length exceeding 300 mm along the first direction (page 4, lines 1-5; page 9^ lines 8-9). 

vi. GROUNDS OF REJECTION TO B E REVIEWED ON APPEAL 

The following are the grounds for rejection presented for review: 

L Claims 20^22, 44, 45, 48, 63, 70, 74 and 156 are rejected under 35 USC §103(a) as being 
unpatentable over Aiai et al (US 5,817,366) in view of Grothe et al (US 3,391,490), Monk 
(US 4,187,801) and Nagayama et al, (US 5,701,055), 

2., Claims 37, 43, 48, 53, 64, 75 arid 157 are rejected under 35 USC § 103(a) as being 
unpatentable over Arai et al in view of Bennett (US 2,435,997), Grothe et al and Nagayama 
et al 

3. Claims 38, 48, 56, 65, 76, 153 and 158 are rejected under 35 USC § 1 03(a) as being 
unpatentable over Arai et al in view of Bennett, Grothe et al, Nagayama et al and Monk. 

4. Claims 39, 48, 53, 57, 66, 77 and 159 are rejected under 35 USC § 103(a) as being 
unpatentable over Arai et al in view of Nagayama et al, Feuerstein et al (US 4,627,989), 
Bemiett, and Yamamoto et al (JP 1 1-61386, US 6,179,923). 
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5., Claims 40, 48, 58, 67, 78, 154 and 160 are rejected under 35 USC §103(a) as being 
unpatentable over Arai et al„ in view of Nagayama et al, Feuerstein et al, Bennett and 
Yaniamoto et al. or in the alternative, over Arai et al, in view of Nagayama et al, Feuerstein 
et al,, Bennett, Monk, and Yamamoto et al 

6. Claim 49 is rejected under 35 USC § 1 03(a) as being unpatentable over Arai et al in view of 
Grothe et al, Monk and Nagayama et al, and further in view of Spitzer et al (US 5,258,325), 

7,. Claims 54, 68,71, 79 and 1 6 1 are rejected under 35 USC § 1 03(a) as being unpatentable over 
Aral et al in view of Nagayama et al, Bennett, Grothe et al and Yamamoto et al 

8. Claims 55, 69, 72, 80, 155 and 162 are rejected under 35 USC § 103(a) as being unpatentable 
over Ai^ai et al in view of Nagayama et al, Bennett, Grothe et al, Monk, and Yamamoto et 
al 

9. Claim 59 is rejected under 35 USC § 103(a) as being unpatentable over Arai et al in view of 
Nagayama et al, Bennett and Grothe et al, further in view of Spitzer et al 

10. Claim 60 is rejected under 35 USC § 103(a) as being unpatentable over Arai et al in view of 
Nagayama et al, Bennett, Grothe et al, and Monlc, further in view of Spitzer et al 

1 1 ,. Claim 6 1 is rejected under 3 5 USC § 1 03(a) as being unpatentable over Arai et al, in view of 
Nagayama et al, Feuerstein et al, Bennett, and Yamamoto et al, and farther in view of 
Spitzer et al 

12, Claim 62 is rejected under 35 USC § 103(a) as being unpatentable over Arai etal, in view of 
Nagayama et al, Feuerstein et al, Bennett, and Yamamoto et al, or in the alteinative, over 
Arai et al, in view of Nagayama et al, Feuerstein et al, Bennett, Monlc, and Yamamoto et al- 
and further in view of Spitzer et al. 

13, Claim 73 is rejected under 35 USC § 103(a) as being unpatentable over Arai et al in view of 
Grothe et al, Monk and Nagayama et al, further in view of Mizutani et al, (US 6,326,726). 

14, Claims 81-88, 92-100, 141-144, 163, 164,166-168 and 169-176 are rejected under 35 USC 
§ 103(a) as being unpatentable over Arai et al in view of Grothe et al, Monk and Nagayania 
et al 

15,. Claims 89-9 1 and 1 65 aie rejected under 35 USC § 1 03(a) as being unpatentable over Arai et 
al in view of Grothe et al, Monk and Nagayama et al 

16. Claim 101 is rejected under 35 USC §1 03(a) as being unpatentable over Arai et al in view of 
Grothe et al, Monlc and Nagayama et al, further in view of Spitzer., 
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1 1. Claims 1 Ol- 1 04 ai'e rejected under 3 5 USC § 1 03(a) as being unpatentable over Arai et al in 
view of Grothe et al., Monk, Nagayaina et aL and further in view of Beitelsen (US 
3,110,620)., 

18. Claims 105-107 are rejected under 35 USC § 103(a) as being unpatentable over Aiai etal in 
view of Bennett, Grothe et al , and Nagayama et al and further in view of Bertetsen.. 

1 9. Claims 1 08-1 1 0 are rejected under 35 USC § 1 03(a) as being unpatentable over Aiai et al in 
view of Bennett, Grothe et al, Nagayama et al, and Monlc and further in view of Bertelsen., 

20., Claims 1 1 1-1 13 are rejected under 35 USC § 103(a) as being unpatentable over Arai et al, in 
view of Nagayama et al, Feurestein et al, Bennett, and Yamamoto et al and further in view 
of Beitelsen. 

2 1 . Claims 1 1 4-1 1 6 aie rejected under 3 5 USC § 1 03(a) as being unpatentable over Ai^ai et al in 
view of Nagayama et al, Feuerstein et al, Bennett, and Yamamoto et al or in the alternative, 
over Arai et al, in view of Nagayama et ah, Feuerstein et al, Bennett, Monk and Yamamoto 
et al further in view of Bertelsen. 

22. Claims 117-119 are rejected under 35 USC § 1 03(a) as being unpatentable over Arai et al in 
view of Nagayama et aL, Bennett, Grothe et al, and Yamamoto et aL further in view of 
Bertelsen, 

23. Claims 1 20- 1 22 are rejected under 3 5 USC § 1 03(a) as being unpatentable over Ai'ai et al in 
view of Nagayama et al, Bennett, Grothe et al, Monlc and Yamamoto et al flnther in view 
of Beitelsen. 

24. Claims 123-128 and 132-138 are rejected under 35 USC § 103(a) as being unpatentable over 
Arai et al in view of Grothe et al , Monlc and Nagayama et aL fiirther in view of Bertelsen. 

25. Claims 129-1 3 1 are rejected under 35 USC § 1 03(a) as being unpatentable over Arai et al in 
view of Grothe et al,, Monk and Nagayama et al fuitlier in view of Beitelsen. 

26. Claims 145448 are rejected under 35 USC §103(a) as being unpatentable over Arai et al in 
view of Nagayama et al , Feuerstein et al, Bemiett, and Yamamoto et al and further in view 
of either Noguchi et al (US 4,596,735) or Martin (US 4,469,719). 

27,. Claims 149-152 are rejected under 35 USC §1 03(a) as being unpatentable over Arai et al., in 
view of Nagayama et al, Feuerstein et al,, Bennett, and Yamamoto et al, or in the 
alternative, over Arai et al, in view of Nagayama et al, Feuerstein et al, Bennett, Monk, and 
Yamamoto et al, further in view of either Noguchi et al or Martin. 
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vii. ARGUMENT 



A. BACKGROUND 

The present invention is diiected to a highly advantageous method for manufacturing a 
display device,, In fact, with the claimed method, the uniformity of the film thickness can be greatly 
improved. In prior devices, the substrate and the mask are stationary, and it takes a considerable 
period of time to apply a layer . Because it talces so long to apply a layer, not only is the area within 
the mask hole coated, but the areas under the edges of the mask are also coated. This is considered 



leakage. 



0 



In contrast, with the claimed method^ because of the relative movement of the substrate^ the 
coating of the mask area does not require a very long period. As a result, there is minimal coating 
under the edges of the mask. This is a very important feature for increasing the number of pixels on 
a display which is very important for a high definition display. Further , it is desirable to decrease the 
gap between colors to decrease space and therefore increase the number of pixels. 



However^ if there is lealcage (i.e. wherein the areas under the edges of the mask are also 
coated, as discussed above), a significant gap (space) has to be left between the colors to account for 
this lealcage, and as a result, tlie space between the colors carmot be decreased. Accordingly, the 
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color s camiot be moved closer to one another, and the number of pixels cannot be increased. As a 
result, a high definition display is not possible. 

As will be explained below, none of the cited references, either individually or' combined, 
disclose all of the claimed features of the method of the claims of the present application, and none 
realize or recognize the above advantages and uniformity of the film resulting from the claimed 
method of the present invention. Therefore, since there is no recognition of these advantages 
stemming from the claimed method, one skilled in the art would not have combined the cited 
references in the manner' proposed by the Examiner to realize these advantages and aixive at the 
claimed invention nor would one have any reason to combine these references to arrive at the 
claimed method, other than by improper hindsight reconstruction. Accordingly, the combination of 
references and the rejections based thereon are improper and should be reversed,. 

Appellants will now address the pending rejections of the claims in the Final Rejection. 

THE RE.mCT10NS OF THE CLAIMS SHOULD BE REVERSED 

Each of the Examiner's pending rejections is a Section 1 03(a) rejection for obviousness over 
four or more references. As will be shown below, each of these rejections is impropei^ as a prima 
facie case of obviousness has not been established, and even if a prima facie case has been 
established, such a prima facie case has clearly been rebutted. 
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1. A PRIMA FACIE CASE OF OBVIOUSNESS CANNOT BE BASED ON 
HINDSIGHT RECONSTRUCTION 

Under 35 U.S.C. §103, the burden is on the PTO to produce evidence that the claimed 

invention is prima facie obvious.. In re Riickaert . 9 F3d 1531, 1532, 28 USPQ2d 1955, 1956 (Fed,, 

Gin 1993);inieFine, 837 F.2d 1071, 1074,5USPQ2d 1596, 1598 (Fed. Cir 1988). If the PTO fails 

to malce out a prima facie case of obviousness, then the rejection is improper, should be overturned, 

and Applicants are entitled to a patent. Riickaert . 9 F3d at 1 532, 28 USPQ2d at 1 956; InreNielson . 

816F.,2d 1567, 1572,2USPQ2d 1525, 1528 (Fed, Cir 1984); In re Gordon . 733F,2d 900,902,221 

USPQ 1125, 1127 (Fed. Cir 1984). A prima facie case of obviousness cannot be based on a 

combination of references wherein the combination of references is based on hindsight 

reconstriaction using the claimed invention as a template., In re Fritch , 972 F,.2d 1260, 1266 23 

USPQ2d 1780, 1784 (Fed, Cir. 1992); In re Oetiker . 24 USPQ2d 1443, 1447 (Fed. Cii; 1992). 

As explained below, in the present case, there can be no basis for combining the references 

as in the rejections in the Final Rejection to aiiive at the claimed invention other than by hindsight 

reconstruction, using the independent claims of the present application as a blueprint. 

As the Federal Circuit stated in McGinley v. Franlclin Sports. Inc.. 60 USPQ2d 1 001 , 1 008 
(Fed. Cir. 2001), "[t]he genius of invention is often a combination of loiovm elements which in 
hindsight seems preordained " As a result, "[I]t is impermissible to use the claimed invention as an 
instructional manual or 'template' to piece together the teachings of the prior art so that the claimed 
invention is rendered obvious. " In re Fritcly 972 F.2d at 1266, 23USPQ2d at 1 784. "One cannot use 
hindsight reconstruction to pick and chose among isolated disclosures in the prior ait to deprecate the 
claimed invention/' In re Fine. 5 USPQ 2d 1596, 1600 (Fed. Cir. 1988). 
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Combining references in a manner that reconstmcls the applicant's invention only with tlie 
benefit of hindsight, is insufficient to present a prwia facie case of obviousness,, In re Oetiker, 24 
USPQ2d at 1444-1446 (Fed. Cir. 1992),. 

2^ THE REJECTION OF INDEPENDENT CLAIM 20 AND THE CLAIMS 
DEPENDENT THEREON IS IMPROPER 

The Examiner rejects independent Claim 20, and Claims 21-22, 44, 45, 48, 63, 70, 74 and 
1 56 dependent thereon, under 35 USC §1 03(a) as being unpatentable over Arai et al. (US 5,817,366) 
in viewofGrotheetal',Monk(US4,187,801)andNagayamaetal (US 5,701,055). Tliis rejection 
is improper and should be reversed. 

In the Final Rejection, the Examiner states that these claims are r^ejected for the same reasons 
as set-forth under this heading in the prior Office action (which was the Office Action of February 
22, 2006 which states that the rejections are the same as set forth in the Final Rejection of July 26, 
2005); therefore, Appellants are referring back to 7-26-05 Final Rejection for the Examiner's basis 
for this rejection. 

The basis for this rejection is an intricate combination of four different references to ariive at 
the claimed invention. As shown below, the combination of references used in the rejection to arrive 
at the claimed invention is based on improper liindsight reconstiuiction, and accordingly, the rejection 
based on this construction is improper and should be reversed. Further, Appellants can show 

" Appellants assume that this is US Patent No., 3,931,490, as opposed to US 3,391,490 which is 
cited in the Final Rejection. U.S. 3^391 ,490 is to Evans for a Remotely Controlled Vehicle System, 
Appellants have informed the Examiner numerous times of this error, but the Examiner has yet to correct 
it 
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evidence of the non-obviousness of the claimed invention. 

a- The Rejection Is Based on Improper Hindsight Reconstruction 
In the 7-26-05 Final Rejection (for which the most recent Final Rejection appears to rely) and 
in prior actions, the Examiner admits that Arai does not disclose a number of the claimed features of 
the rejected claims. The Examiner, however, contends that it would have been obvious to one of 
ordinaiy skill in the art to (1) modify the process of Arai so as to utilize as the evaporation source, 
the evaporation source of Grothe. and to (2) ftirther modify the process of Arai so as to move the 
substrate and the evaporating sources relative to each other as allegedly taught by Monk . In the 1- 
26-05 Final Rejection (and adopted in the present Final Rejection), the Examiner continues to repeat 
these contentions and adds a further contention that it would have been obvious to one of ordinary 
skill in the art to (3) modify the process of Arai with the teachings from Nagayama so as to utilize a 
shadow mask, as recited in independent Claim 20, in the claimed fashion. Hence, it appears that the 
Examiner has taken Arai and modified it with three separate references, in tliree separate (and 
unrelated) steps. The Examiner does not include an explanation for why it would be obvious to one 
skilled in the ait to modify Ami in such a manner to arrive at the claimed invention. Instead, as 
explained below, it appears that the Examiner has picked and chosen isolated elements from the 
references based on the claimed invention. Hence, Appellants respectively disagree with the 
Examiner's contentions and submit that this rejection and combination of references in the rejection 
are improper. 

Independent Claim 20 is directed to a method of manufacturing an electroluminescence 
display device. As explained above, the claimed features as combined in the method of Claim 20 
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are advantageous, for example^ for preventing leakage and providing more pixels for the display 
device. The result is a high definition display that was not previously possible. 

None of the references disclose the claimed features as specifically combined in Claim 20 nor 
do the references lecognize the advantages resulting from these claimed features. Wliile the 
13xam nier argues that the references do not have to be combined for the reasons contemplated by the 
inventor, it is still necessary to combine the references in a logical maiinei to one skilled in the ait 
and provide evidence that one sldlled in the ait would combine the references in the same manner as 
the Examiner^ without loiowledge of the claimed invention. See e.g. Ecolochem. Ino, v, Southem 
California Edison Co. . 227 F.3d 1361, 56USPQ2d 1065, 1076 (FedXir 2000), In order to logically 
and legitimately combine references, the Examiner must consider the entire teachings in the 
references and cannot pick and choose among isolated teachings in the references to the exclusion of 
the other teachings in the reference. Bausch & Lomb. Inc. v> Baines-Hind/Hydrocuive. Inc. . 796 
F.2d 443, 230 USPQ 416, 419-420 (Fed. Cir: 1986); In re Fine , supra To do so is to engage in 
hindsight reconstruction. Id. As shown below^ this is what the Examiner has done in the pending 
rejection. 



i.. The Combination of Aiai and Grothe Is Improper 
The Examiner admits that Aiai does not disclose first and second evaporation soui^ces having 
a first direction longer than the second direction, as recited in Claim 20. The Examiner cites to the 
evaporation source in Grothe and states that it would have been obvious to one of ordinary skill in 
the art to modify the process of Arai to use the evaporation source of Grothe and that one "would 
have been motivated to do so by the desire and expectation of achieving enlianced vapor density and 
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deposition uniformity, as taught by Grothe." However, as explained below, the Examiner's 
motivation is not valid and does not stand up to scrutiny. Further, one skilled in the art would not 
combine these references. 

Initially, it is noted that the Examiner has selected an isolated sentence in Grothe on which to 
base his rejection. What Grothe actually states in the line in question is that "coating of wide 
sur faces, such as wide, running webs, ribbons and the like by vapor deposition requires high density 
of the vapor." See coL 5, Ins. 41-43 in Grothe . Hence, Grothe discusses high vapor density and 
uniformity only with regard to wide, running webs or ribbons. Further, Grothe relates to coating of 
wide area work surfaces. 

In contrast, Arai relates to a process and apparatus for manufacturing an organic 
electroluminescence cell or element, and more particularly to a process "wherein the steps after 
formation of a transparent electrode on a substrate plate up to formation of a protective film are 
successively carried out in vacuum chambers which are isolated from the oxidative external 
atmosphere and thereafter withdraMm from the chambers into the air," See Abstract in Arai . Hence, 
Arai relates to sealing of an organic electroluminescence celL 

Therefore, the coating of Grothe is not related to the sealing in Ai-^ai, and the Examiner's 
reason for combining the references is not related to the teachings in Arai . Hence, one skilled in the 
art would not use this as a reason to combine these references, and there is no motivation or reason 
for one skilled in the art to combine these um^elated technologies. 

Further, the Examiner is basing his alleged motivation to combine Grothe and Arai on this 
statement, without consideration of the teachings in the remainder of the reference. For example, 
Grothe discloses applying substances, in a vacuum, on a work surface 21 particularly wide tapes, 
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webs, or the like. See col 7, Ins 9-10,. Grothe also states that "the entire system is in vacuum, that 
is, enclosed in an evacuated vessel", and that "movement of the web 21 is preferably continuous." 
CoL 3, Ins. 62-65., Hence, Grothe is not directed to a system involving, nor does it disclose or 
suggest, tiaiisfening a substrate between chambers, as in Arai and the claimed invention. Instead, 
Grothe appears to be one closed system. Based on the teachings in Grothe . one skilled in the art 
would not believe that the Grothe system is usable in a system involving transfer betAveen chambers,. 
The Exaairiner does not appeajf to have considered these teachings in Grothe when combining these 
references . Grothe also does not disclose or suggest comrecting chambers, The Examiner also does 
not appear to have considered this lack of teaching. Further, Grothe also does not disclose or suggest 
transfeiTing the web between chambers or how one could even transfer the web between chambers. 
Fuithermore, there is nothing in Arai or Grothe to teach one skilled in the ai1 as to how one could 
allegedly incorporate the device from Grothe in the device in Arai. Therefore^ in light of the above 
teachings in Grothe , which appear' to teach away from the subject matter of the present invention 
(directed to a method with multiple chambers), and the lack of teachings in Gr-Qthe relevant to the 
subject matter of Arai, there would have been no motivation for one skilled in the art to look at and 
select an isolated portion of Grothe and combine it with Arai to try to arrive at the claimed invention, 
except when using the claimed invention as a guideline (i.e. the Examiner looked at the claim and 
Arai . saw that Arai did not have evaporation sources being longer in a first direction than a second 
direction, searched for this specific feature in the references, allegedly found the specific feature, and 
then without regard to the other teachings in the references, decided to use that feature and combine 
the references). 

The Examiner, however, argues that the test is not whether^ the features of a secondary 
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reference may be bodily incorporated into the structure of the primary reference but what the 
combined references would have suggested to those of ordinal^ skill in the ait. 

The Exaniiiier, however, is missing the point. Before one can determine what the combined 
references would suggest, it must first be determined if the references can be combined It is well 
established that in order to combine references, there must be some teaching, suggestion or 
motivation to do so and that the teachings in the references must be considered in their entirety, See 
In re Fine : Bausch & Lomb . supra. In this case, Aiai ajid Grothe are directed to different systems . 
Arai is directed to a system with multiple chambers and sealing of an organic electioluminescence 
cell while Grothe is directed to a closed system in a vessel and for coating wide work area surfaces. 
There is no reason why one skilled in the art, after reviewing Arai . would look to Grothe to modify 
the system of Arai. The only reason to do so would be hindsight reconstruction based on the claims 
of the present application, as explained above.. This is clearly improper', 

Yet another reason that one skilled in the art would not be motivated to rely upon Grothe is 
that Grothe does not disclose a display device as in the claimed method and Arai. Hence, one skilled 
in the art would have no motivation to even look at Grothe. 

Therefore, as there is no proper motivation or reason to combine Arai and Grothe, the 
combination of these two references is improper, and the rejection based thereon is improper. 
Hence, a prima facie case of obviousness has not been established. 



ii. The Combination of Monk and Arai Is Improper 
While Monk teaches that, in a process where some wafers are coated from an evaporation 
source, it is blown that " either the source of the samples must be moved relative to each other during 
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treatment" (emphasis added), Monk discloses a face-up method in which film formation is 
perfoniied with the wafer surface, onto which a film is to be foniied, facing upward. See e„g., Fig. 4 
in Monlc, Monk does not disclose or suggest a face-down method. 

Further, Monlc does not disclose a display device or method for forming a display device. 
The Examiner disregards and simply dismisses this fact in his analysis. Appellants have questioned 
the Examiner as to what would be one skilled in the art's motivation to look at Monk when it is 
directed to different teclmology.. The Exaiiiiner has failed to provide an answer to this question. 

In fact, there would have been no motivation for one skilled in the art to combine Arai and 
Monlc to try to aiiive at the claimed invention.. Further, no explanation is provided for how one 
skilled in the art would incorporate Monlc into Aral. The only way these two references could be 
combined is tlirough improper hindsight reconstruction. 

Therefore, the combination of Monk and Arai is improper, and the rejection based thereon is 
improper. 

Evidence Of Nonobviousness Of Claimed Invention 

The nonobviousness of the claimed invention is evidenced by the fact that others did not 
begin to use ideas similar to the present invention until after Applicants' invention. For example, the 
Examiner has not found a single prior reference showing the claimed invention or anything remotely 
similar to it. Instead, he has to attempted to combine four or more references to try to come close to 
the claimed invention. As Appellants show above, the Examiner's attempt is improper. 

After Applicants' invention, however, references, such as US patent publication 
2002/0076847 (Yamada et al), US patent publication 2002/0179013 (Kido et al), and Van Slyke et 
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al. "Linear Source Deposition of Organic Layers for FuILColor OLED", SID 02 Digest, p. 886-889 
(2002), show ideas similai^ to the present invention.. Each of these references are dated after the date 
of the present application. Each of these references was made of record in this application with the 
infonnation disclosure statement of May 22, 2006 and considered by the Examiner with the Final 
Rejection of August 1 0, 2006, If the present invention was obvious, these ideas would have smfaced 
prior to Applicants' invention. This is evidence of the non-obviousness of the claimed invention and 
rebuts any argument by the Examiner. 

Accordingly, it is respectfully submitted that the method of independent Claim 20 and those 
claims dependent thereon is nonobvious. 

c. Conclusion 

Accordingly^ for at least the above-stated reasons, the rejection of independent Claim 20 is 
improper as the motivation for the combination of references is not valid or supportable, and one 
skilled in the art would not combine these references. Instead, the combination must be based on 
improper hindsight reconstruction. Accordingly, a prima facie case of obviousness has not been 
proved by the Examiner .. 

Further, independent Claim 20 and those claims dependent thereon ate not obvious in view of 
these references- 

Therefore, these claims are patentable over these references, and it is respectfully requested 
that this rejection be reversed or withdrawn. 
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3. 



THE OTHER REJECTIONS OF THE CLAIMS ARE SIMILARLY IMPROPER 



Claims 37. 43. 48. 53. 64. 75 aiid 157 

The Examiner also rejects Claims 37, 43, 48, 53, 64, 75 and 1 57 under 35 USC §103 as being 
unpatentable over Arai et al in view of Bennett (US 2,435,997) and Grothe et al and Nagayamaet 
al This rejection is also respectfully tiaversed. 

In the Final Rejection, the Examiner combines Arai, Grothe and Na^avama in the same 
manner discussed above, and further contends that it would have been obvious to one of ordinary 
skill in the art to modify the method of Arai so as to move the evaporation source relative to the 
substrate, as allegedly taught by Bennett. 

For at least the reasons discussed above, independent Claim 37 and those claims dependent 
thereon are patentable over these cited references^ and the rejection is improper. Accordingly, it is 
respectfully requested that this rejection be reversed or withdrawn. 

Claims 38, 48, 56, 65. 76. 153 and 158 

The Examiner also rejects Claims 38, 48, 56, 65, 76, 153 and 158 under 35 USC §103 as 
being unpatentable over Arai et al in view of Bennett, Grothe et al, Nagayama et al and Monlc. This 
rejection is also respectfully traversed. 

In the Final Rejection, tlie Examiner combines Arai. Grothe and Nagayama in the same 
manner discussed above, and further contends that it would have been obvious to further modify the 
method of Arai with the alleged teachings of Bennett and Monlc. 

For at least the reasons discussed above, independent Claim 38 and those claims dependent 
thereon are patentable over these cited references, and the rejection is improper. Accordingly, it is 
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respectfully requested that this rejection be reversed or withdrawn. 



Claims 39. 48. 53, 57. 66. 77 and 159 

The Examiner also rejects Claims 39, 48, 53, 57, 66, 77 and 159 imder35 USC §103 as being 
unpatentable over Arai et al in view of Nagayania et al, Feuerstein et al (US 4,627,989), Bennett, 
and Yamamoto et al (JP 11-61386; US 6,179,923 as English equivalent). This rejection is also 
respectfully traversed. 

In the Final Rejection, the Examiner asserts Arai and Nagayama in the same manner 
discussed above^ and fiirther contends that it would have been obvious to one of ordinary skill in the 
art to modify the method of Arai with the alleged teachings of Feuerstein . Bennett and Yamamoto 

For at least the reasons discussed above, independent Claim 39 and those claims dependent 
thereon are patentable over these cited references, and the rejection is improper. Accordingly, it is 
respectfully requested that this rejection be reversed or withdrawn. 

Clanns40. 48,58.67, 78. 154 and 160 

The Examiner also rejects Claims 40, 48, 58, 67, 78, 154 and 160 under 35 USC §103 as 
being unpatentable over Arai et al in view of Nagayama et al, Feuerstein et al, Bennett, and 
Yamamoto et al, or in the alternative over Ai"ai et al in view of Nagayama et al, Feuerstein et al, 
Bennett, Monlc, and Yamamoto et al This rejection is also respectfully traversed. 

In the Final Rejection, the Examiner combines the references in the same manner discussed 
above, contends that it would have been obvious to combine these references to arrive at the claimed 
invention, and contends that undisclosed features would be inherent in the references. 
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For at least the reasons discussed above, independent Claim 40 and those claims dependent 
thereon are patentable over these cited references, and the rejection is improper. Accordingly, it is 
respectfiilly requested that this rejection be reversed or withdrawn. 

Claim 49 

The Examiner also rejects Claim 49 under 35 USC §103 as being unpatentable over Arai et 
al„ in view of Grothe et al,. Monk and Nagayama et al, and further in view of Spitzer et al (US 
5,258,325). This rejection is also respectfully traversed. 

This claim is a dependent claim. Therefore, for at least the reasons discussed above for the 
independent claim, this claim would also be patentable. Accordingly, it is requested that this 
rejection be reversed or withdrawn. 

Claims 54. 68. 7K 79 and 161 

The Examiner also rejects Claims 54, 68, 71, 79 and 161 under 35 USC §103 as being 
unpatentable over Arai et al in view of Nagayama et al, Bemaett, Grothe et al. and Yamamoto et al 
This rejection is also respectfully traversed. 

In the Final Rejection, the Examiner combines the references in the same manner discussed 
above, contends that it would have been obvious to combine the references to arrive at the claimed 
invention, and contends that the undisclosed features would be inlierent in the references or obvious. 

For at least the reasons discussed above, independent Claim 54 and those claims dependent 
thereon are patentable over these cited references and the rejection is improper. Accordingly, it is 
respectfully requested that this rejection be reversed or withdrawn,, 
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Claims 55, 69, 72. 80, 155 and 162 

The Examiner also rejects Claims 55, 69, 72, 80, 1 55 and 162 under 35 USC §103 as being 
unpatentable over Arai et al in view of Nagayama et al, Bennett, Grothe et al, Monk, and 
Yaniainoto et aL This rejection is also respectfully traversed. 

In the Final Rejection, the Examiner combines the references in the same manner discussed 
above, contends that it would have been obvious to combine these references to aiti ve at the claimed 
invention, and contends that undisclosed features would be inlierent in the references. 

For at least the above-stated reasons, independent Claim 55 and those claims dependent 
thereon are patentable over these cited references aud the rejection is improper. Accordingly, it is 
respectfully requested that this rejection be reversed or withdrawn. 

Claim 59 

The Examiner also rejects Claim 59 under 35 USC §103 as being unpatentable over Arai et 
al , in view of Nagayama et al., Bennett and Grothe et al; further in view of Spitzer et al This 
rejection is also respectililly traversed. 

This claim is a dependent claim. Therefore, for at least the reasons discussed above for the 
independent claim, this claim would also be patentable,. Accordingly, it is requested that this 
rejection be reversed or withdrawn. 



Claim 60 

The Examiner also rejects Claim 60 under 35 USC §103 as being unpatentable over Arai et 
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al, in view of Nagayama et al, Bennett, Grothe et al and Mode, further in view of Spitzer et al Tliis 
rejection is also respectfully traversed. 

This claim is a dependent claim. Therefore, for at least the reasons discussed above for the 
independent claim, this claim would also be patentable. Accordingly, it is requested that this 
rejection be reversed or withdrawn. 

Claim 61 

The Examiner also rejects Claim 61 under 35 USC §103 as being unpatentable over Arai et 
al, in view of Nagayama et ah, Feuerstein et al, Bennett, and Yamamoto et al, further in view of 
Spitzer et al This rejection is also respectfully traversed. 

This claim is a dependent claim. Therefore, for at least the reasons discussed above for the 
independent claim, this claim would also be patentable., Accordingly, it is requested that this 
rejection be reversed or withdrawn,. 

Claim 62 

The Examiner also rejects Claim 62 under 35 USC §103 as being unpatentable over Arai et 
al, in view of Nagayama et al, Feurestein et al, Bennett and Yamamoto et al, or in the alternative 
over Aiai et al, in view of Nagayama et al, Feuerstein et al, Bennett, Monk and Yamamoto et al, 
further in view of Spitzer et al This rejection is respectfully traversed. 

This claim is a dependent claim. Therefore, for at least the reasons discussed above for the 
independent claim, this claim would also be patentable. Accordingly, it is requested that this 
rejection be reversed or withdrawn . 
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Claim 73 

The Examiner also rejects Claim 73 under 35 USC §103 as being unpatentable over Arai et 
al. in view of Grothe et al, Moiilc and Nagayama et al, further in view of Mizutani et al (US 
6,326,726). This rejection is respectfully traversed. 

This claim is a dependent claim. Therefore, for at least the reasons discussed above for the 
independent claim, this claim would also be patentable. Accordingly, it is requested that this 
rejection be reversed or withdrawn.. 

Claims 8^88, 92-100. 14M44, 163. 164. 166-168 and 169-176 

The Examiner also rejects Claims 81-88, 92-100, 141444, 163, 164, 166-168 and 169-176 
under 35 USC §103 as being unpatentable over Arai et al in view of Grothe et al, Monk and 
Nagayama et al This rejection is respectfully traversed,, 

In the Final Rejection, the Examiner combines the references in the same manner discussed 
above, contends that it would have been obvious to combine these references to anive at the claimed 
invention, and contends that undisclosed features would be inherent in the references. 

For at least the above-stated reasons, independent Claims 81, 85, 92, 95 and 98 and those 
claims dependent thereon are patentable over these cited references, and the rejection is improper. 
Accordingly, it is respectfully requested that this rejection be reversed or withdrawn. 



Claims 89-91 and 165 

The Examiner also rejects Claims 89-91 and 165 under 35 USC §103 as being unpatentable 
over Arai et al in view of Grothe et al. Monk and Nagayama et al This rejection is respectfully 
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traversed. 

In the Final Rejection, the Examiner' combines the references in the same manner discussed 
above, contends that it would have been obvious to combine these references to arrive at the claimed 
invention, and contends that undisclosed features would be inlierent in the references. 

For at least the above-stated reasons, independent Claim 89 and those claims dependent 
thereon ai"e patentable over these cited references^ and the rejection is improper. Accordingly^ it is 
respectfully requested that this rejection be reversed or withdrawn. 

Claim 101 

The Examiner also rejects Claim 10 under 35 USC §103 as being unpatentable over Arai et 
al in view of Grothe et al .. Monk and Nagayama et ah, further in view of Spitzer. This rejection is 
respectfully traversed. 

This claim is a dependent claim. Therefore, for at least the reasons discussed above for the 
independent claim, this claim would also be patentable. Accordingly, it is requested that this 
rejection be reversed or withdrawn,. 

Claims 102-104 

The Examiner also rejects Claims 102-104 under 35 USC §103 as being unpatentable over 
Aiai et al in view of Grothe et al, Monk, Nagayama et al and further in view of Beitelsen (US 
3,11 0,620)., This rejection is respectfully traversed. 

These claims are dependent claims. Therefore, for at least the reasons discussed above for 
the independent claims, these claims would also be patentable. 
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Further, as the Exaininer admits^ this feature, tliat a lower surface of tlie substrate is provided 
with a transparent conducting fihn, is not disclosed in any of the cited references. 
Accordingly, it is requested that this rejection be reversed or withdrawn. 

Claims 105407 

The Examiner also rejects Claims 105-107 under 35 USC §103 as being unpatentable over 
Aral et al. in view of Bennett, Grothe et al, and Nagayama et al,, and further in view of Bertelsen. 
This rejection is respectfully traversed. 

These claims are dependent claims. Therefore, for at least the reasons discussed above for 
the independent claims, these claims would also be patentable. Further, for the reasons explained 
above for Claims 102-104, these claims are also nonobvious. 

Accordingly, it is requested that this rejection be reversed or withdrawn. 

Claims 108-110 

The Examiner also rejects Claims 108- 110 under 35 USC §103 as being unpatentable over 
Arai et aL in view of Bennett, Grothe et al, Nagayama et al, and Monlc and further in view of 
Bertelsen. This rejection is respectfully traversed. 

These claims are dependent claims. Therefore, for at least the reasons discussed above for 
the independent claims, these claims would also be patentable. Further, for the reasons explained 
above for Claims 102-104, these claims are also nonobvious. 

Accordingly, it is requested that this rejection be reversed or withdrawn. 
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Claims 11 M13 

The Examiner also rejects Claims 111-113 under 35 USC §103 as being unpatentable over 
Aral et al in view of Nagayania at al, Feurestein et al., Bennett, and Yamamoto et al. and further in 
view of Berteisen. This rejection is respectfully traversed. 

These claims are dependent claims,, Therefore, for at least the reasons discussed above for 
the independent claims, these claims would also be patentable. Further, for the reasons explained 
above for Claims 102-104, these claims are also nonobvious. 

Accordingly, it is requested that this rejection be reversed or withdrawn. 

Claims 114-116 

The Examiner also rejects Claims 1 14-116 under 35 USC §103 as being unpatentable over 
Arai et al in view of Nagayama et al, Feuerstein et al, Bennett, and Yamamoto et al, or in the 
alternative, over Aiai et al, in view of Nagayama et al, Feuerstein et al, Bennett, Monlc and 
Yamamoto et al further in view of Beitelsen, This rejection is respectfully traversed. 

These claims are dependent claims,. Therefore, for at least the reasons discussed above for 
the independent claims, these claims would also be patentable. Further, for the reasons explained 
above for Claims 102-104, these claims are also nonobvious. 

Accordingly, it is requested that this rejection be reversed or withdrawn. 



Claims 117-119 

The Examiner also rejects Claims 1 1 y-l 19 under 35 USC §103 as being unpatentable over 
Arai et al in view of Nagayama et al, Bennett, Grothe et al and Yamamoto et al further in view of 
Beitelsen. This rejection is respectfully traversed, 
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These claims ai"e dependent claims. Therefore, for at least the reasons discussed above for 
the independent claims, these claims would also be patentable, Fuither^ for the reasons explained 
above for Claims 102-1045 these claims are also nonobvious. 

Accordingly, it is requested that this rejection be reversed or withdrawn. 

Claims 120-122 

The Examiner also rejects Claims 120-122 under 35 USC §103 as being unpatentable over 
Aiai et al in view of Nagayama et ai Bennett, Grothe et aL, Mode and Yamamoto et al fuither in 
view of Bertelsen. This rejection is respectfully traversed. 

These claims are dependent claims. Therefore^ for at least the reasons discussed above for 
the independent claims, these claims would also be patentable. Further, for the reasons explained 
above for Claims 102-104, these claims are also nonobvious. 

Accordingly, it is requested that this rejection be reversed or withdrawn. 

Claims 123-128 and 132-138 

The Examiner also rejects Claims 123-128 and 132-138 under 35 USC §103 as being 
unpatentable over Arai et al in view of Grothe et al, Monlc and Nagayaina et al flirtlier in view of 
Bertelsen. This rejection is respectfully traversed. 

These claims are dependent claims. Therefore, for at least the reasons discussed above for 
the independent claims, these claims would also be patentable. Further, for the reasons explained 
above for Claims 102-104, these claims are also nonobvious. 

Accordingly, it is requested that this rejection be reversed or withdrawn. 
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Claims 129-131 

The Examiner also rejects Claims 129-13 1 under 35 USC §103 as being unpatentable over 
Ar'ai et al in view of Giothe et aL, Monk and Nagayama at al. further in view of Bertelsen. This 
rejection is respectfully traversed. 

These claims are dependent claims., Therefore, for at least the reasons discussed above for 
the independent claims, these claims would also be patentable. Further, for the reasons explained 
above for Claims 102-104, these claims are also nonobvious. 

Accordingly, it is requested that this rejection be reversed or withdrawn, 

CONCLUSION 

For at least the reasons stated above, Appellants earnestly and respectfully submit that the 
Examiner has failed to present a prima facie case of obviousness as the Examiner's alleged 
motivation to combine references is not valid, and the combination of references and rejections are 
based on improper hindsight reconstruction. Further, the claims would not have been obvious in 
view of the cited references. 

Hence, the rejection of the claims should be reversed, and the claims allowed. 

Accordingly, Appellants request that this Appeal be sustained in all respects, and that all 
rejections in the Final Rejection be reversed. 



USSN 09/747,731 



Page 47 



Respectftiily submitted, 



/Mark J. Mumhv/ 
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viii. CLAIMS APPENDIX 

In accordance with 37 CFR 41J7(c)(l)(viii), the text of the claims on appeal is as follows: 

20. A method of manufacturing an electroluminescence display device comprising: 
providing a first evaporation source in a first evaporation chamber; 
providing a second evaporation source in a second evaporation chamber wherein each 
of the first and second evaporation sources has a first direction and a second direction different from 
each other, each of the first and second evaporation sources being longer in the first direction than in 
the second direction; 

disposing a substrate in the first evaporation chamber; 

fixing a mask to the substrate wherein the mask is located between the substrate and 
the first evaporation source; 

evaporating a first material from said first evaporation source to deposit said first 
material over the substrate wherein the relative position of the substrate is repeatedly moved with 
respect to the first evaporation souxce during the evaporation of the first material in order that a same 
portion of the substrate is coated with the first material at least twice; 

transferring the substrate from the first evaporation chamber into the second 
evaporation chamber after the deposition of the first material; 

evaporating a second material from said second evaporation source to deposit said 
second material over the substrate wherein the relative position of the substrate is moved with 
respect to the second evaporation source during the evaporation of the second material, 



USSN 09/747 J31 



Page 49 



2 1 . The method according to claim 20 further comprising a step of cleaning an inside of the 
first and second evaporation chambers, respectively, 

22. The method according to claim 20 wherein said first and second evaporation chambers 
are connected to each other through a conveyor chamber. 

37, A method of manufacturing an electroluminescence display device comprising: 
providing a first evaporation source in an evaporation chamber; 
providing a second evaporation source in a second chamber connected to the 
evaporation chamber wherein each of the first and second evaporation sources has a fir st direction 
and a second direction different from each other, each of the first and second evaporation sources 
being longer' in the first direction than in the second direction; 

disposing a substrate in the evaporation chamber; 

fixing a mask to the substrate wherein the mask is located between the substrate and 
the first evaporation source; 

evaporating a first material from said first evaporation source to deposit said first 
material ovei' tlie substrate in the evaporation chamber; 

transferring the second evaporation source from the second chamber into the 
evaporation chamber after evaporating the first material; 

evaporating a second material from said second evaporation source to deposit said 
second material over the substrate in the evaporation chamber; and 

repeatedly moving the relative position of the second evapoiafion source with respect 
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to the substrate along the second direction during the step of evaporating the second material in order 
that a sanie portion of the substrate is coated with the second material at least twice,, 



38,. A method of manufacturing an electroluminescence display device comprising: 
providing a first evaporation source in an evaporation chamber; 
providing a second evaporation source in a second chamber connected to the 
evaporation chamber wherein each of the fust and second evaporation sources has a first direction 
and a second diiection different from each other, each of the first and second evaporation sources 
being longer in the first direction than in the second direction; 

disposing a substrate in the evaporation chamber; 

fixing a mask to the substrate wherein the mask is located between the substrate and 
the first evaporation source; 

evaporating a first material from said first evaporation source to deposit said first 
material over the substrate in the evaporation chamber; 

repeatedly moving the relative position of the first evaporation source with respect to 
the substrate along the second direction during the step of evaporating the first material in order that 
a same portion of the substrate is coated with the first material at least twice; 

transfening the second evaporation source from the second chamber into the 
evaporation chamber after evaporating the first material; 

evaporating a second material from said second evaporation source to deposit said 
second material over the substrate in the evaporation chamber; and 

repeatedly moving the relative position of tlie second evaporation source with respect 
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to the substrate along the second direction during the step of evaporating the second material in order 
that a same portion of the substrate is coated with the second material at least twice^ 

wherein each of the first and second evaporation sources is longer' than at least one 
edge of the substrate. 

39. A method of manufacturing an electroluminescence display device comprising: 

providing a fust evaporation source in an evaporation chamber wherein the first 

evaporation source comprises a plurality of first evaporation cells an-^anged along a first direction; 

providing a second evaporation source in a second chamber connected to the 

evaporation chamber wherein the second evaporation source comprises a plurality of second 

evaporation cells; 

disposing a substrate in the evaporation chamber; 

fixing a mask to the substrate wherein the mask is located between the substrate and 
the first evaporation source; 

evaporating a first material from said first evaporation source to deposit said first 
material over the substrate in the evaporation chamber; 

transferring the second evaporation source from the second chamber into the 
evaporation chamber after evaporating the first material so that the plurality of second evaporation 
cells are arranged in the first direction; 

evaporating a second material from said second evaporation source to deposit said 
second material over the substrate in the evaporation chamber; 

repeatedly moving the relative position of the second evaporation soui'ce with respect 
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to the substrate along the second direction during the step of evaporating the second material in order 
that a same portion of the substrate is coated with the second material at least twice; and 
cleaning an inside of the evaporation chamber. 

40. A method of manufacturing an electroluminescence display device comprising: 

providing a first evaporation source in an evaporation chamber wherein the first 

evaporation source comprises a plurality of first evaporation cells aixanged along a first direction; 

providing a second evaporation source in a second chamber connected to the 

evaporation chamber wherein the second evaporation source comprises a plurality of second 

evaporation cells; 

disposing a substrate in the evaporation chamber; 

fixing a mask to the substrate wherein the mask is located between the substrate and 
the first evaporation source; 

evaporating a first material fi:oin said first evaporation source to deposit said first 
material over the substrate in the evaporation chamber; 

repeatedly moving the relative position of the first evaporation source with respect to 
the substrate along a second direction during the step of evaporating the first material in order that a 
sanie portion of the substrate is coated with the first material at least twice; 

transfeixing the second evaporation sour"ce fiom the second chamber into the 
evaporation chamber after evaporating the first material so that the plurality of second evaporation 
cells are arranged in the first direction; 

evaporating a second material from said second evaporation source to deposit said 
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second material over the substrate in the evaporation chamber; 

repeatedly moving the relative position of the second evaporation source with respect 
to the substrate along the second direction during the step of evaporating the second material in order 
that a same portion of the substrate is coated with the second material at least twice; and 

cleaning an inside of the evaporation chamber, 

wherein each of the first and second evaporation sources is longer than at least one 
edge of the substrate. 

43., The method according to claim 37 wherein said second direction is orthogonal to the 
first direction.. 

44, The method according to claim 20 wherein the relative position of the first evaporation 
source is moved with respect to the substrate in a direction orthogonal to an elongation direction of 
the first evaporation source. 

45. The method according to claim 20 wherein the relative position of the second 
evaporation source is moved with respect to the substrate in a direction orthogonal to an elongation 
direction of the second evaporation source. 

48. The method according to any one of claims 20 and 37-40 wherein at least one of the first 
and second materials comprises an organic material 
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49, The method according to claim 20 wherein said display device is an active matrix 
electroluminescence display device.. 

53. The method according to any one of claims 37 and 39 wherein the relative position of the 
first evaporation source is repeatedly moved with respect to the substrate so that a same portion of 
the substrate is coated with the first material at least twice„ 

54. A method of manufacturing an electroluminescence display device comprising: 
providing a first evaporation source in an evaporation chamber; 

providing a second evaporation source in a second chamber connected to the 
evaporation chamber wherein each of the first and second evapor ation sources has a first direction 
and a second direction different fi'om each other, each of the first and second evaporation sources 
being longer in the first direction than in the second direction; 

disposing a substrate in the evaporation chamber; 

fixing a mask to the substrate wherein the mask is located between the substrate and 
the first evaporation source; 

evaporating a first material fi'om said first evaporation source to deposit said first 
material over the substrate in the evaporation chamber; 

repeatedly moving the relative position of the first evaporation source with respect to 
the substrate along the second direction during the step of evaporating the first material in order that 
a same portion of the substrate is coated with the first material at least twice; 

transferring the second evaporation source from the second chamber into the 
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evaporation chamber after evaporating the first material; 

evaporating a second material from said second evaporation source to deposit said 
second material over the substrate in the evaporation chamber'; 

repeatedly moving the relative position of the second evaporation souice witli respect 
to the substrate along the second direction during the step of evaporating the second material in order 
that a same portion of the substrate is coated with the second material at least twice; and 

cleaning an inside of the evaporation chamber. 

55, A method of manufacturing an electroluminescence display device comprising: 
providing a first evaporation source in an evaporation chamber; 
providing a second evaporation source in a second chamber comiected to the 
evaporation chamber wherein each of the first and second evaporation sources has a first direction 
and a second direction different from each other, each of the first and second evaporation sources 
being longer in the first direction than in the second direction; 

disposing a substrate in the evaporation chamber; 

fixing a mask to the substrate wherein the mask is located between the substrate and 
the first evaporation source; 

evaporating a first material from said first evaporation source to deposit said first 
material over the substrate in the evaporation chamber; 

repeatedly moving the relative position of the first evaporation source with respect to 
the substrate along the second direction during the step of evapor ating the first material in order that 
a same portion of the substrate is coated with the first material at least twice; 
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transferring the second evaporation source from the second chamber into the 
evaporation chamber after evaporating the first material; 

evaporating a second material from said second evaporation source to deposit said 
second material over the substrate in the evaporation chamber; 

repeatedly moving the relative position of the second evaporation source with respect 
to the substrate along the second direction during the step of evaporating tlie second material in order 
that a same portion of the substrate is coated with the second material at least twice; and 

cleaning an inside of the evaporation chamber, 

wherein each of the first and second evaporation sources is longer than at least one 
edge of the substrate. 

56. The method according to claim 38 wherein said second direction is orthogonal to the first 
direction. 

57. The method according to claim 39 wherein said second direction is orthogonal to the first 
direction. 

58. The method according to claim 40 wherein said second direction is orthogonal to the first 
direction„ 



59. The method according to claim 37 wherein said display device is an active matrix 
electroluminescence display device. 
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60. The method according to claim 38 wherein said display device is an active matrix 
electroluminescence display device, 

61, The method according to claim 39 wherein said display device is an active matrix 
electroluminescence display device. 

6.2. The method according to claim 40 wherein said display device is an active matrix 
electroluminescence display device. 

63,. The method according to claim 20 wherein uniformity of the distribution of film 
thickness of a thin film in a rectangular shape, elliptical shape, or a linear shape region is maintained 
by using the first evaporation source during the evaporation. 

64. The method according to claim 37 wherein unifomiity of the distribution of film 
thickness of a thin film in a rectangular shape^ elliptical shape, or a linear shape region is maintained 
by using the first evaporation source duiing the evaporation. 

65, The method according to claim 38 wherein uniformity of the distribution of film 
thickness of a thin film in a rectangular shape, elliptical shape, or a linear shape region is maintained 
by using the first evaporation source during the evaporation. 



66. The method according to claim 39 wherein uniformity of the distribution of film 
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thiclaiess of a thin film in a rectangular shape, elliptical shape, or a linear shape region is maintained 
by using the first evaporation source during the evaporation. 

67. The method according to claim 40 wherein unifomiity of the distribution of film 
thiclaiess of a thin film in a rectangular shape, elliptical shape, or a linear shape region is maintained 
by using the first evaporation source during the evaporation. 

68. The method according to claim 54 wherein uniformity of the distribution of film 
thiclaiess of a thin film in a rectangulai' shape, elliptical shape, or a linear shape region is maintained 
by using the first evaporation source during the evaporation. 

69. The method according to claim 55 wherein uniformity of the distribution of film 
thiclaiess of a thin film in a rectangular shape, elliptical shape, or a linear' shape region is maintained 
by using the first evaporation source during the evaporation., 

70. The method according to claim 20 wherein said first and second evaporation chambers 
are connected with each other through at least one gate. 

71. The method according to claim 54 wherein at least one of ^ the first and second materials 
comprises an organic material 



72. The method according to claim 55 wherein at least one of the first and second materials 
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comprises aii organic material 



73. The method according to claim 20 wherein the mask fixed to a mask holder approaches 
the substrate by a magnet field. 

74. The method according to claim 20 wherein each of the first and second evaporation 
sources has a length exceeding 300 mm along the first direction. 

75,. The method according to claim 37 wherein each of the first and second evaporation 
sources has a length exceeding 300 mm along the first direction. 

76. The method according to claim 38 wherein each of the first and second evaporation 
sour ces has a length exceeding 300 mm along the first direction. 

77. The method according to claim 39 wherein each of the first and second evaporation 
sources has a length exceeding 300 mm along the first direction. 

78. The method according to claim 40 wherein each of the first and second evaporation 
sources has a length exceeding 300 mm along the first direction. 



79. The method according to claim 54 wherein each of the 
sources has a length exceeding 300 mm along the first direction. 
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80. The method according to claim 55 wherein each of the first and second evaporation 
sources has a length exceeding 300 mm along the first direction. 



SLA method of manufacturing an electroluminescence display device comprising: 
providing a first evaporation source in a first evaporation chamber; 
providing a second evaporation source in a second evaporation chamber wherein each 
of the first and second evaporation sources has a first direction and a second direction different from 
each other^ each of the fir st and second evapor ation sources being longer in the fir st direction than in 
the second direction; 

disposing a substrate in the first evaporation chamber; 

fixing a mask to the substrate wherein the mask is located between the substrate and 
the first evaporation source; 

evaporating a first material fi^om said first evaporation source to deposit a hole 
injecting layer over the substrate wherein the relative position of the substrate is repeatedly moved 
with respect to the first evaporation source during the evaporation of the first material in order that a 
same portion of the substrate is coated with the mater ial at least twice; 

transfeiiing the substrate from the first evaporation chamber into the second 
evaporation chamber after the deposition of the first material; and 

evaporating a second material from said second evaporation source to deposit a light 
emitting layer over the hole injecting layer wherein the relative position of the substrate is moved 
with respect to the second evaporation source during the evaporation of the second material in the 
second evaporation chamber. 
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82. The method according to claim 8 1 wherein the hole injecting layer comprises an organic 
materiaL 

83 , The method according to claim 8 1 wherein the light emitting layer comprises an organic 
materiaL 

84, The method according to claim 81 wherein each of the first and second evaporation 
sources has a length exceeding 300 mm along the first direction. 

85. A method of manufacturing an electroluminescence display device comprising: 

providing a first evaporation source in a first evaporation chamber; 

providing a second evaporation source in a second evaporation chamber wherein each 
of the first and second evaporation sources has a first direction and a second dixection different fi-om 
each other, each of the first and second evaporation sources being longer in the first direction than in 
the second direction; 

disposing a substrate in the first evaporation chamber; 

fixing a mask to the substrate wherein the mask is located between the substrate and 
the first evaporation source; 

evaporating a first material from said first evaporation source to deposit a hole 
injecting layer over the substrate wherein the relative position of the substrate is repeatedly moved 
with respect to the first evaporation source during the evaporation of the first material in order that a 
same portion of the substrate is coated with the material at least twice; 
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transferring the substrate from the first evaporation chamber into the second 
evaporation chamber after the deposition of the first material; 

evaporating a second material from said second evaporation source to deposit a light 
emitting layer over the hole injecting layer wherein the relative position of the substrate is moved 
with respect to the second evaporation source during the evaporation of the second material; 

forming a conducting film by evaporation over the light emitting layer; and 

sealing the light emitting layer by sealing material without exposure to the 

atmosphere.. 

86. The method according to claim 85 wherein the hole injecting layer comprises an organic 
material 

87.. The method according to claim 85 wherein the light emitting layer comprises an organic 
material 

88, The method according to claim 85 wherein each of the first and second evaporation 
sources has a length exceeding 300 mm along the first direction- 

89„ A method of manufacturing an electroluminescence display device comprising: 
providing a first evaporation source and a second evaporation source in an evaporation 
chamber, wherein each of the first and second evaporation sources has a first direction and a second 
direction different from each other, each of the first and second evaporation sources being longer in 
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the first direction than in the second direction; 

disposing a substrate in the evaporation chamber; 

fixing a mask to the substrate wherein the mask is located between the substrate and 
the first evaporation source; 

evaporating a first material from the first evaporation source to deposit said first 
material over a first pixel portion of the substrate in the evaporation chamber; 

moving the relative position of the first evaporation source with respect to the 
substrate along the second direction during the step of evaporating the fiist material; 

moving the mask by one pixel portion; 

evaporating a second material from said second evaporation source to deposit said 
second material over a second pixel portion in the evaporation chamber; and 

moving the relative position of the second evaporation source with respect to the 
substrate along the second direction during the step of evaporating the second material 

90 - The method according to claim 89 wherein at least one of the first and second materials 
comprises an organic material 

9L The method according to claim 89 wherein each of the first and second evaporation 
sources has a length exceeding 300 mm along the first direction. 



92.. A method of manufacturing an electroluminescence display device comprising: 

providing an evaporation source in an evaporation chamber, wherein the evaporation 
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source has a first direction and a second direction different from each other, the evaporation source 
being longer in the first direction than in the second direction; 

disposing a substrate in the evaporation chamber; 

fixing a mask to the substr ate wherein the mask is located between the substrate and 
the evaporation source; and 

evaporating a material fi^om the evaporation souice to form a hole injecting layer over 
the substrate wherein the relative position of the substrate is moved with respect to the evaporation 
source during the evaporation of the material 

93 . The method according to claim 92 wherein the hole injecting layer comprises an organic 
material. 

94. The method according to claim 92 wherein the evaporation source has a length 
exceeding 300 mm along the first direction. 

95. A method of manufacturing an electroluminescence display device comprising: 

providing an evaporation source in an evaporation chamber, wherein tlie evaporation 
souice has a first direction and a second direction different fiom each other, the evaporation source 
being longer in the first direction than m the second direction; 

disposing a substrate in the evaporation chamber; 

fixing a mask to the substrate wherein the mask is located bet"ween the substrate and 
the evaporation source; 
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evaporating a material from said the evaporation source to fonii a light emitting layer 
over the substrate wherein the relative position of the substrate is moved with respect to the 
evaporation source during the evaporation of the material 

96. The method according to claim 95 wherein the light emitting layer comprises an organic 
material 

97 . The method according to claim 95 wherein the evaporation source has a length exceeding 
300 mm along the first direction. 

98. A method of manufacturing an electroluminescence display device comprising: 

providing an evaporation source in an evaporation chamber, wherein the evaporation 
source has a first direction and a second direction different from each other, the evaporation source 
being longer in the first direction than in the second direction; 

disposing a substrate in the evaporation chamber; 

evaporating a material from said evaporation source to form a light emitting layer 
comprising said material over the substrate wherein the relative position of the substrate is moved 
with respect to the evaporation source during the evaporation of the material 

99. The method according to claim 98, ftirthei comprising steps of: 

fixing a mask to the substrate wherein the mask is located between the substrate and 
the evaporation source. 
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100. The method according to claim 98 wherein the evaporation source has a length 
exceeding 300 mm along the first direction. 

lOh The method according to claim 98 wherein said electroluminescence display device is 
an active matrix electroluminescence display device. 

102., A method according to claim 20, wherein the substrate is located above the first 
evaporation source, 

wherein the first material is foraied on a lower surface of the substrate. 

103 A method according to claim 20, wherein a lower surface of the substrate is provided 
with thin films. 

104. A method according to claim 20, wherein a lower surface of the substrate is provided 
with a transpar'cnt conducting film., 

105,, A method according to claim 37, wherein the substrate is located above the first 
evaporation source, 

wherein the first material is fomied on a lower surface of the substrate. 



1 06. A method according to claim 37, wherein a lower surface of the substrate is provided 
with thin films. 
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107. A method according to claim 37, wherein a lower surface of the substrate is provided 
with a transparent conducting film. 

108. A method according to claim 38, wherein the substrate is located above the first 
evaporation source, 

wherein the first material is formed on a lower surface of the substrate, 

109. A method according to claim 38, wherein a lower surface of the substrate is provided 
with thin films. 

110. A method according to claim 38, wherein a lower surface of the substrate is provided 
with a transparent conducting film. 

11 L A method according to claim 39, wherein the substrate is located above the first 
evaporation source, 

wherein the first material is formed on a lower surface of the substrate. 

112,, A method according to claim 39, wherein a lower surface of the substrate is provided 
with thin films. 



113. A method according to claim 39, wherein a lower surface of the substrate is provided 
with a transparent conducting film. 
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114. A method according to claim 40, wherein the substrate is located above the fust 
evaporation source, 

wherein the fust material is fbmied on a lower surface of the substrate. 

1 1 5. A method according to claim 40, wherein a lower surface of the substrate is provided 
with thin films . 

116. A method according to claim 40, a lower surface of the substrate is provided with a 
transparent conducting film. 

117. A method according to claim 54, wherein the substrate is located above the first 
evaporation source, 

wherein the first material is formed on a lower surface of the substrate. 

1 18. A method according to claim 54, wherein a lower surface of the substrate is provided 
with thin films.. 

1 19. A method according to claim 54, wherein a lower sur face of the substrate is provided 
with a transparent conducting film. 



120. A method according to claim 55, wherein the substrate is located above the first 
evaporation source, 
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wherein the first material is formed on a lower surface of the substrate. 

12L A method according to claim 55, wherein a lower surface of the substrate is provided 
with thin films, 

122., A method according to claim 55, wherein a lower surface of the substrate is provided 
with a transpai"ent conducting film. 

123. A method according to claim 81, wherein the substrate is located above the first 
evaporation source, 

wherein the first material is formed on a lower surface of the substrate, 

124. A method according to claim 81 , wherein a lower surface of the substrate is provided 
with thin films. 

125. A method according to claim 81, wherein a lower surface of the substrate is provided 
with a transparent conducting film, 

126. A method according to claim 85, wherein the substrate is located above the first 
evaporation source, 

wherein the first material is formed on a lower surface of the substrate. 
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127. A method according to claim 85, wherein a lower surface of the substrate is provided 
with thin films. 

128. A method according to claim 85, a lower surface of the substrate is provided with a 
tianspai'ent conducting film. 

129. A method according to claim 89, wherein the substrate is located above the first 
evaporation source, 

wherein the first material is formed on a lower surface of the substrate. 

130. A method according to claim 89, wherein a lower surface of the substrate is provided 
with thin films. 

131.. A method according to claim 89, wherein a lower surface of the substrate is provided 
with a transparent conducting film, 

1 32. A method according to claim 92, wherein tlie substrate is located above the evaporation 

source, 

wherein the first material is foimed on a lower surface of the substrate. 

133. A method according to claim 92, wherein a lower surface of the substrate is provided 
with tliin films. 
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1 34. A method according to claim 92, wherein a lower suiface of the substrate is provided 
with a transparent conducting film. 

1 3 5. A method according to claim 95, wherein the substrate is located above the evaporation 

source, 

wherein the first material is foimed on a lower surface of the substrate. 

136. A method according to claim 95, wherein a lower surface of the substrate is provided 
with thin films. 

137. A method according to claim 95, wherein a lower surface of the substrate is provided 
with a transparent conducting film. 

1 38. A method according to claim 98, wherein the substrate is located above the evaporation 

source, 

wherein the material is formed on a lower surface of the substrate.. 

139. A method according to claim 98, wherein a lower surface of the substrate is provided 
with thin films. 

140. A method according to claim 98, wherein a lower' surface of the substrate is provided 
with a transparent conducting film. 
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14L A method according to claim 95, wherein said material is organic. 

142. A method according to claim 95, wherein said material is inorganic. 

143. A method according to claim 98, wherein said material is organic. 

144. A method according to claim 98, wherein said material is inorganic„ 

1 45 . A method according to claim 39, wherein a gap between said first evaporation cells has 
a distance a and a distance between said first evaporation source and said mask is 2a to 100a. 

146. A method according to claim 145, wherein said distance between said first evaporation 
source and said mask is 5a to 50a. 

147. A method according to claim 39, wherein a gap between said second evaporation cells 
has a distance a and a distance between said second evapor ation source and said mask is 2a to 1 00a. 

148. A method according to claim 147, wherein said distance between said second 
evaporation source and said mask is 5a to 50a. 



1 49. A method according to claim 40, wherein a gap between said first evaporation cells has 
a distance a and a distance between said first evaporation source and said mask is 2a to 100a. 
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150. A method accordingto claim 149, wherein said distance between said first evaporation 
source and said mask is 5 a to 50a- 

1 5 1 . A method according to claim 40, wherein a gap between said second evaporation cells 
has a distance a and a distance between said second evaporation source and said mask is 2a to 100a. 

152. A metliod according to claim 151, wherein said distance between said second 
evaporation source and said mask is 5a to 50a, 

153. A method according to claim 38, wherein during evaporation each of the first and 
second evaporation sources moves from one end of the substrate to the other end. 

154. A method according to claim 40, wherein during evaporation each of the first and 
second evaporation sources moves from one end of the substrate to the other end. 

155. A method according to claim 55, wherein during evaporation each of the first and 
second evaporation sources moves from one end of the substrate to the other end. 

156. A method according to claim 20, wherein said display device is a passive matrix 
electroluminescence display device. 

157,. A metliod according to claim 37, wherein said display device is a passive matrix 
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electroluminescence display device. 



158. A method according to claim 38, wherein said display device is a passive matrix 
electroluminescence display device. 

159., A method according to claim 39, wherein said display device is a passive matiix 
electroluminescence display device. 

160. A method according to claim 40, wherein said display device is a passive matrix 
electroluminescence display device. 

16L A method according to claim 54, wherein said display device is a passive matrix 
electroluminescence display device, 

162., A method according to claim 55, wherein said display device is a passive matrix 
electroluminescence display device. 

163. A method according to claim 81, wherein said display device is a passive matrix 
electroluminescence display device. 



164„ A method according to claim 85, wherein said display device is a passive matrix 
electroluminescence display device. 
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165. A method according to claim 89, wherein said display device is a passive matrix 
electroluminescence display device. 

166. A method according to claim 92, v^herein said display device is a passive matrix 
electioluminescence display device. 

167. A method according to claim 95, wherein said display device is a passive matrix 
electroluminescence display device, 

168. A method according to claim 98, wherein said display device is a passive matrix 
electroluminescence display device- 

169. A method of manufacturing an electroluminescence display device comprising: 

providing an evaporation source in an evaporation chamber, wherein the evaporation 
source has a first direction and a second direction different from each other, the evaporation source 
being longer in the first direction than in the second direction; 

disposing a substrate in the evaporation chamber; 

fixing a mask to the substrate wherein the mask is located between the substrate and 
the evaporation source; and 

evaporating a material from said the evaporation source to form a light emitting layer 
over the substrate wherein the relative position of the substrate is moved with respect to the 
evaporation source during the evaporation of the material, 
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wherein the mask has at least a rectangulai' shaped open portion, aiid 
wherein a longitudinal direction of open portion is perpendicular to the first direction of the 
evaporation source. 

170. The method according to claim 169, wherein said second direction is orthogonal to 
the first direction. 

171, The method according to claim 1 69 wherein said electroluminescence display 
device is a color display, 

wherein the substrate is located above the evaporation source, 

wherein a lower surface of the substrate is provided with thin films, 

wherein thin films of materials for emitting different colors are formed for each pixel 

172.. The method according to claim 169 wherein each of the evaporation sources has a 
length exceeding 300 mm along the first direction. 

173. A method according to claim 169, wherein said material is organic. 

174- A method according to claim 169, wherein said material is inorganic. 



1 75. The method according to claim 1 69 wherein said electroluminescence display device 
is a passive matrix electroluminescence display device, 
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1 76, The method according to claim 1 69 wherein said electroluminescence display device 
is an active matrix electroluminescence display device. 
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(57) ABSTRACT 

Upon fonnalion of a layer such as an emissive layer of an 
organic EL titmcnt by atlactiing an emi.ssive material onto 
a sabslrate (10)^ an evaporation mask (100) including an 
opening (1.10) corresponding lo Ihe layer formed to have a 
plurality of individual paUerns and having an area, for 
example, smaller than the substrate is disposed between Uie 
substrate (10) and a maienal source (200) A reladvc posi- 
tion between the mask (100) and the material source (200), 
and the subslraie (10) is slid by a predetermined pilch 
corresponding to ihe size of a pixel of the subsirate (JO), 
thereby forming a material layer (such as the emissive layer 
64) in a predctcnmincd region of ihe substrate. As a result, 
the niateria! layer can be formed on the substrale through^ 
for example, evaporation with a high accuracy 
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METHOD OF ATTACHING LAYER MATERIAL 
AND FORMING LAYER IN PREDETERMINED 
PATTERN ON SUBSTRATE USING MASK 

BACKGROUND OF HIE INVENTION 
[0001] 1 Field of the lovenlion 

[0002] Ttic present invenlion rd rites !o a color display 
device employing an cleclrolumiDcscent (bcrcinaflcr 
referred lo as **EL") element as an emissive element, and a 
method of manufacJuring such a color display device. 

[0003] 2 Description of tbe Related Art 

[(M)04] In recent years, EL display devices comprising El. 
elements have gained attention as potential replacements for 
CRTs and LCDs. 

[0005] Research has been directed to tho development of 
;iclive matrix EL display devices comprising a Uiio film 
iransislor (hereinafter referred to as a ''"ITT*) as a switching 
clement for driving the EL element, 

[0006] FIG. 1 is a diajjram itlustrating an arrangcmcnl of 
display pixels IR, IG^ and IB for respective colors in a color 
organic EL display device 

[0007] As shown in the figure, ihc active matrix organic 
EL display device iocludcs Ihc display pixels IR, IG, and 
IB for red (R), green (G)^ ajid blue (B)^ respectively^ which 
arc formed in regions on a substrate 10 sunroundcd by a gate 
signal line 51, a drain signal iin« 52, and a power source line 
53 In ihis example, the display pixels IRflGjandlB for the 
respeciive cobns arc arranged as stripes in a column direc- 
tion forming a seqticnce of G, and B in a row direction, 
collectively constituting a matrix 

[0008] The display pixels IR, IG, and IB for the respec- 
tive colors are each provided with an EL. element for 
emitting the corresponding color of ligh^ namely, R, G, or 
B 

[0009] The EL clement formed for each of the respective 
color display pixels IR, IG^ and IB includes an anode 
formed in the island pattern, an emissive element layer 
including ao organic compound, and a cathode The emis- 
sive element layer includes a! least an emissive layer, and is 
formed by evaporating an organic material onto the anode 
On top of this layer, Jhe cathode is formed The anode of the 
EL, clement is connected to a TFT., which individually drives 
each EL element . By thus controlling the TFT and supplying 
cuirej3t beJween the anode and the cathode, the emissive 
material contained in the emissive element layer is caused to 
emit the respeclive color of light 

[0010] FIG« 2 is a cross sectional view illustrating how a 
metal mask is mounted for evaporating an organic material 
for each color on to the glass substrate (the anode) according 
lo a relaied art. Ai thisstagc^ the TFT, anodes 61Rj 61G, and 
6iB of organic EL elements 60^ and an insulating fikn 6S 
covering an area surrounding ihe anodes are preformed on 
the glass substrate 10 Although each of the anodes 61R^ 
6IG, and 61B is connected to ihc TFF for driving the organic 
EL clement, the TFT is not shown for convenience of 
illustration This figure illustrates an example in which the 
organic material for emitting red light is evaporated onto the 
anode filR to form the emissive element layer for red 



[ODil] As shown in FIG. 2, according to the related arl^ 
the metal mask 95 used for evaporation of the organic 
maierial is a single large mask corresponding to the large - 
siy,ed glass substrate 10 

[0QI2J A mcjal mask 95 formed of a metal, such as a 
nickel (Ki), is fixed ipio an evaporation mask holder 125 
including a mask fixing portion at its periphcrj^ and has an 
opening llOR ni a position corresponding to the anode 61 R 
"ll^e metal mask 95 is placed between the glass Eiubstrale 10, 
having componenis up lo Ihe IFTs and the anodes 61R, 61G, 
and 61B of the oi^anic EL. elements formed ihercon wilh its 
component bearing side facing downward, and an cvapora- 
tioa source 200 provided fijfther below, as illustrated in FIG. 
2 Because the mcjal mask 95 is very thin, having a thickness 
of approximately 50 /^m, when the peripheral portions of the 
metal mask 95 are placed in grooves formed in the mask 
fixing portion provided a I its periphery to thereby fix the 
metal mask 95 by means of a fixture 12fi provided on the 
mask, the metal mask 95 is fixed and held in tension applied 
in the direction of the mask holder 125 lo prcven! such a Ihin 
mask from deflecting In addition, a magnet 120 is placed on 
a side of the glass subslraic 10 opposite from the side on 
which Ihe meial mask 95 is arranged, thereby aUracling the 
metal mask 95 and preventing warping thereof 

[0013] After ihc mask 95 and the substraie 10 are thus 
disposed, an organic material 130 for emitting red lighi, in 
this exaraplc, is evaporated from the evaporation source 200 
onto a region including the anode 61R on Ihe glass substrate 
10, thereby deposiring the emissive element layer for red 
color 

[0014] Afier evaporating the organic maierial for the red 
emissive element layer, organic materials for the emissive 
element layers for green and blue are similarly evaporated, 
thereby forming the emissive clement layers for R, G, and B 
on ihe respective anodes 61R, filG* and 61B 

[0015] The metal mask 95 used in the related art is a single 
mask similar in size to the large-si^ed glass substrate 10, 
such as 400 mmx400 mm, and a single, dot-Likc evaporatioEJ 
source is used as the evaporation source 20O 

[0016] When a single, large-sized metal mask is thus used, 
it becomes extremely difGcuU lo form a mask with a high 
precision as ihe size of the mask increases, and shadowing, 
ic. blocking the cvaporaied material scallcred from the 
source by the edges of the mask in She openings, also 
becomes more prominent in the peripheral region of the 
glass substrate 10. 

[0017] To overcome such problems, the metal mask must 
be reduced in thickness lo diminish shadowing and be 
brought inJo contact wilh ihe glass substrale 

[0018] However, when the mask is brought into conlacl 
With ibc subslralc, the anodes, the organic material, and 
other components formed on the glass substrate may be 
damaged by ihe mask 

SUMMARY OF IKVENTiON 

[0019] The present iovcalion has been conceived in view 
of the above -described problems^ and aims lo provide a 
method of attaching a layer maierial, such as an emissive 
maierial, onto a predetermined position of a substrate with 
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a high precision to form a layer in a desired pallcm wiihoui 
generating s scar with a mask and the Ii3^c 

[(H)20] Accordinij lo one aspect, ibc present invention 
provides a method o£ forraing an individually patterned 
layer in a plurality of regions of n substrale, comprising the 
step of disposing between ihc sabs^ra!e and a layer material 
source a mask including an opening corresponding to one or 
more of the pluraHty of regions where ihc layer is formed, 
and the siep of making a relative movement between the 
mask and the layer material source, and the si^bstraie^ and 
caiising a malerial ^Jcattered from the layer material source 
to attach onto the substrate through the opening, thereby 
forming the individually paltcrned layer 

[0021] According lo another aspect, the present invention 
provides a method of forming an individually paHcmcd 
layer in a pluraiily of regions of a substrate, comprising the 
sicp of disposing beJween the substrate and a layer maierial 
source a musk having a smaller area ihan the substrate and 
including an opening corresponding lo one or more of the 
plurality of regions where the layer is formed, and the step 
of causing relative movement between the mask and the 
layer material source, and the substrate, and causing a 
malerial scattered from ^he layer material source to attach 
onio the substrate through the opening, thereby forming the 
individually patterned layer 

[0022] According lo a fiarlher aspect, the present invention 
provides a matjufacturing method of a color emissive device 
including, on a substrate, a sclf-cmissivc clement having a 
first elec!rode, an emissive materia! layer for each color, and 
a second electrode, for each of a plurality of pixels This 
manufacturing method comprises the sicp of disposing 
between the substrate and an emissive material source a 
mask including an opening al a position corresponding to a 
region for forming ihc emissive material layer of one or 
more of the plurality of pixels of the substrate, and the step 
of sliding a relative position beiwcea the mask and the 
emissive material source, and the subsifate, by a predeter- 
mined pitch corresponding lo a size of the pij^el of the 
substrate^ and causing an emissive material to attach lo a 
predetermined region of !he substrate through the mask, 
thereby forming the emissive material layer 

[0023] According to a further aspect, the present invention 
provides a manufacturing method of a color emissive device 
including, on a substrate, a sc|{-cmissivc element having a 
first electrode, im emissive material layer for each color, and 
a second electrode, for each of a plurality of pixels This 
manufacturing method comprises the step of disposing 
between the substrate and an emissive material source a 
mask including an opening at a position corresponding to a 
region for forming the emissive materia! layer of one or 
more of ihc plurality of pixels of the substrate, and having 
a smaller area than the substrate to cover one or more of the 
plurality of pixels on the substrate, and the step of sliding a 
relative position between the mask and the emissive material 
source, and the substrate, by a predetermined pitch corre- 
sponding to a siz:e of the pixel of the substrate, and causing 
an emissive material lo aitach to a prcdctcnuincd region of 
the substrate through ibc mask, thereby forming the emis- 
sive material layer 

[<M>34] According to a fi^riher aspect of the present inven- 
tion, the substrate of the above-described emissive device js 
slid in two directions of ihe substrate perpendicular lo each 



other, or in one direction of the substrate by a pitch corre- 
sponding to an arrangement of the pixels for a same color 

[0025] According to a further aspect of the present inven- 
tion, the layer material source or the emissive material 
source is a linearly extending source elongalcd in a direction 
perpendicular to a direction of the relative movemeni 
between the mask and the layer material source or the 
emissive material source, and ihe substrate 

[0026] According lo a fiirtber aspect of the present inven- 
tion, the lincariy extending source is formed by a plurality 
of layer rnaierial sources arranged adjacent lo each other 

[0027] By thus causing evaporation of a material in a 
material source while shifting a relative position between the 
materia! source and ibc mask, and the substrate, a material 
layer can be formed on the subsiraie through the opening 
formed in the mask with high positional and patterning 
accuracies Because a mask having a smaller area than the 
substrate is employed as described ai^tjve, the mask can be 
provided with a high strength and the opening formed with 
a high accuracy^ and variation in distance between the 
maicria! source and the respective positions of the mask can 
be reduced, making it possible to form the material layer al 
a plurality of positions of ihe substrate with a very high 
accuracy and balanced characteristics 

{0028] According lo a further aspect of the present inven- 
tion, the layer is an electroluminescent layer formed between 
first and second electrodes, and the layer malerial is an 
electroluminescent malerial, 

[0029] According to a further aspect of the present inven- 
tion, the electroluminescent malerial is an organic material 
scattered from the layer material source by evaporation and 
attached to the substrate, thereby forming the electrolumi- 
nescent layer 

[0030] According to a f"unber aspect of the present inven- 
tion, the self-emissive element is an electroluminescent 
element 

[0031] According lo a fiirrher aspect of the present inven- 
tion, the emissive device is a display device for displaying 
an image with a plurality of pixels. 

[0032] As described above, the method according lo the 
present invention allows formation of the individually pat- 
terned material layer at predetermined positions of the 
substrate as desired with a iiigh accuracy Consequently, 
emissive malerial layers for different colors, for example, 
can be fonmed wiih a high accuracy^ so that color emissive 
devices and display devices presenting vivid and uniform 
colors can be manufaclured 

[0033] According to a further aspect of the present inven- 
tion, a semiconductor material is used for the mask 

[0034] Use of a semiconductor material for the mask 
enables formation of the opening by photolithography with 
a high accuracy and a sufficient strength to be maintained, 
thereby contributing to improvement in accuracy of pattern- 
ing the material layer lo be formed, and facilitating handling 
of the maskto, for example, increase life of the mask, so that 
the cost of manufacturing a device using such a mask can be 
reduced 

[0035] According to a further aspect, the present invention 
provides a manufacturing method of a display device includ- 
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ing, on n substrate, a self emissive clement having a firsi 
clecirode, an emissive material layer for each color, and a 
second electrode, for each ot a plurality of pixels This 
tnnnufaclufing method comprises the step of disposing 
between the substrate and an emissive muterial source a 
mask including an individual opcmng for each pixel corre- 
sponding to a region for forming the emissive material layer 
individually pauerned for each of the plurality of pixels, and 
the step of sliding a relative position between the emissive 
maierial source and She substrate and causing an emissive 
malerial io allach \o a predetermined region of ihe substrate 
through the opening of the mask, ihcreby forming the 
emissive material layer 

[0036] Accordimg to a further aspect of the present inven- 
!ion, io the above manufaciuring method of a display device, 
ihfi emissive maierial source is a linearly extending source 
elongated in one direction 

[0037] Thus, when the emissive maienal layer is formed 
in individual patterns for the respective pixel regions, the 
opening corresponding to the individual pattern is formed in 
the mask^ and the material is attached to the substrate while 
the emissive material source and the substrate are moved 
relatively Consequently^ the emissive material source is 
located equally close to each region for forming ihe emissive 
oiaterial layer on the substrate, thereby preventing variation 
in thickness of the emissive materiai layer forracd In each of 
such regions caused by shadowing 

BRIEF DESCRJPTION OF Tl-IE DRAWINGS 

[0038] FIG* 1 is a plan view illustrating an arrangement of 
display pixels for rcspcciivc colors in an El display device 

[0039] FIG, 2 is a cross seclional view illustrating an 
evaporation method according Io a related art 

[004D] FIG. 3 is a plan view illuslraling an evaporation 
method according to a first embodimenJ of the present 
invention 

[0041] FIG.. 4 is a cross sectiofjaJ view ilhistraiing an 
evaporation method according to ihe embodiments of the 
present invention 

[0042] FIG. 5 is a plan view illustrating an area surround- 
ing the display pixel of the HL display device. 

[0043] FIGS. 6A iind 6U are cross sectional views taken 
along ihe lines B-B and C-C in FIG. 5, respectively 

[0044] FIG. 7 is a view for explaining a process for 
evaporaJing an emissive material onto the respective display 
pixels of the HL display device 

[0045] FIG. 8A is a perspective view illustrating an 
evaporation method using a mask 

[(M)46] FIG- 8B is a view illusiraiing a cross sectional 
structure taken along the line D-D in FIG. SA 

[imi] FIGS. 9A, 9B, and 9C are views for explaining an 
evaporation method according to a second embodin^ent of 
the present invenlion. 

im4S] FIGS, iOA, lOB, and IOC iUustrate specific con- 
figuration examples of a linearly extending source according 
to the present invention 



DESCRIPTION or PREFERRHD 
EMBODIMENTS 

[0049] An organic El. display device manufactured by a 
manufacmriiig method of a color display device according to 
ihe present invention will next be described 

[0050] FIG. 3 shows a planar configuration used for 
explaining a method for moving an insulating substrate onto 
which an organic material is evaporated according to the 
present method of manufacturing a color display device, and 
FIG. 4 shows a cross sectional configuration taken along the 
line A-A in FIG, 3 . ft should be noted that FIG. 4 shows the 
cross section al the step of evaporating an organic emissive 
majcrial for each color by an evaporation method onto an 
insulating substralc^ such as a glass substrate 10, having 
componcnUJ up \o a TFT, an anode of an organic EL clement, 
and an insulating film 68 for covenog an area surrounding 
the anode, and thai in this parlictilar example an emissive 
clemeni layer for red is deposited onto an anode 61R through 
evaporation 

[0051] An evaporation mask 100 is disposed between the 
glass substrate !0 and an evaporation source 200 containing 
an organic material for the particular color to be evaporaied 
In contrast Io the related an, this evaporation mask 100 has 
a smaller area than the glass substrate 10 and partially covers 
the substrate 10 In the region of the glass substrate 10 thai 
is not covered with the evaporation mask 100, a mask 
supporting member 210 is present Tile evaporation mask 
liH) is supported al an end by the mask supporting member 
210 formed of a metal . While an opening ill is provided at 
the position of the mask supporting member 210 where the 
evaporation mask 110 is disposed to allow the evaporated 
organic material lo reach the glass subsiraJc 10 through the 
evaporation mask 100, in the remaining area the glass 
substrate 10 is shielded from liie evaporaiion source 200 

[0052] As illustrated in the figure, the evaporation source 
200 is disposed immediately below the mask 100 so that the 
malerial can be efficiently and selectively evaporated onto a 
restricted area^ i c the area of the opening formed in the 
evaporation mask 100 in this example 

[0053] Further^ in this example, the glass substrate 10 is 
divided into four evaporation regions "a*\ *'b'\ "c'\ and "d" 
for evaporation of the organic material onJo the glass sub- 
strate, as illuslralcd in FIG. 3 

[0054] More specifically^ after ant organic emissive mate- 
rial for red is lusi evaporated onto the evaporation region "a" 
(the region defined by the solid line), the glass substrate 10 
is slid in the X direction, and the organic emissive material 
for red is evaporated onto the evaporaSion region '*b" 
(defined by the one-dot chain line) The glass substrate 10 is 
then slid in the Y direction, and the red organic emissive 
malerial is evaporated onto the evaporation region "c" 
(defined by the broken line). Finally, the glass substrate 10 
is slid in the X direction, and the red organic emissive 
material is evaporated onto the evaporation region "d" 
(defined by the two-dot chain line) By thus dividing the 
substrate into a plurality of regions for evaporation, the 
organic emissive malerial cao be evaporated onto the anode 
61k corresponding lo the red emissive pixel on the single 
glass substrate 10 using the evaporadon mask 100 having a 
smaller area than the substrate 

[0055] The organic emissive materials for green and blue 
are each evaporated in a reaction chamber dedicaJed for eiich 
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color using a mask dedicutcd for each color and having a 
smullcr area than the substrate 10 as illusiraicd in FIG. 4, 
□iimely, iin cvaporaijon mask for green and an evaporatjon 
musk for blue For such uvaporutions, the glass substrate 10 
is slid in Ihe X and Y directions to evaporate each color onto 
the respective regions "a", "b'\ "c", and "d"^ similarly to 
cvaparatioD of red 'l*hus, the organic emissive materials for 
the respective colors can be evaporated onio the anodes 61R, 
610, and 61B corresponding to ihc respective colors 

[0056] I'lG. 5 is a plan view illustraling an area surround- 
ing a display pixel of the organic EL dispkiv dcvioCj and 
FIGS. 6A nnd 6B are cross seclional views taken along Ihc 
lines B-B and C~C, respectively, in FIG. 5 

[0057] As shou'n in FIG. 5, surrounding ihc region in 
which each display pixel is formed arc gale lines 51 and 
drain lines 52 A first IFi' 30 serving iis o switching element 
is disposed neur an intersection of those signal lines. The 
source 11^ of the TiFT 30 siR)uhyneausly functions as a 
capacitor electrode 55 such that, logclhcr with a sJoragc 
capacitor electrode line 54 described laier, it forms a capaci- 
Jor The source lis is connecied to a gate 43 of a second TFT 
40 for driving ihe EL clement Tine source 41s of the second 
TFF is connected to the anode 61 of the organic El, clement 
60 Tlie drain 41 is connected to a power source line 53 
which supp!ies current to the organic EL. element 60 

[0058] Near Ihc ITT, the storage capacitor electrode line 
54 is disposed in parallel to the gale line 51. The siorage 
capacitor electrode line 54 is made of a material such as 
chromium llie storage capacitor electrode line 54 opposes 
the capacitor electrode 55 connecied lo the source lis of the 
TFT with a gate insulating film 12 provided in between, and 
together they form a storage capacitor for storing charges. 
Tills storage capacitor is provided for rciainiDg a voltage 
applied lo ihe gate electrode 43 of the second TFI 40 

[0059] As shown in FIGS. 6A wnd 6B, die organic EL 
display device is formed by sequentially laminating the 
TFTs and the organic EL element on the substrate 10 made 
of a maierial such as glass or synthetic resin, or on a 
conduciive or semiconductor substraie It should be noted 
thai the layers and the like formed in the same step arc 
labeled with the same reference numerals in FIGS. 6A iind 
6B 

[0060] Next, the first IF! 30, or the switching IFI, will 
be explained with reference to FIG. 6 A 

[0061] On the insulating substrate 10 made of quartz glass, 
non-alkali gIa5iSj or a similar material, an amorphous silicon 
film (a-Si film) is formed using a CVD or other method The 
a-Si film is irradiated with an excimer laser beam lo be 
polycrystallized, forming a polycrystalline sihcon film (p-Si 
film) 11 wbich serves as an active layer of ihc TFT 30 The 
gale insulating film 12 is formed over ihe p-Si film 11 
Further on top is disposed the gale signal line 51 which is 
made of a refractory metal, such as chromium (Cr) or 
molybdenum (Mo), and which also senses as a gate electrode 
13 

[0062] An intcrlayer insulating lilm 14 of an insulating 
film, such as an SiO^ film, is ihen provided over Ihe entire 
surface of ?hc gale insulating film 12, the gaic electrode 13, 
ihe driving power source line 53, and She storage capacitor 
electrode line 54. A metal such as aluminum (Al) is filled in 
a contiict hole provided corresponding to the drain lid to 



form the drain signal line 52, which also serves as a drain 
electrode 15 Further, a planarizing insulating lilm 16 made 
of a pboJoseosilive organic resio or a similar materia] is 
formed covering the entire surface for planarizalion Further 
on top, a hole transport layer 63, an cleclron transport layer 
65, and a cathode 67 of the organic EL element 60 are 
provided over the entire surface 

[0063] The second TFT 40, or the TFT for driving the 
organic EL element^ will next be described with reference to 
FIG. 6» 

[0064] As shown in flG. 6B, sequentially formed on the 
insulating substrate 10 made of a material such as quartz 
glass or non-alkali glass arc an active layer 41 composed of 
a p«Si S!m disposed at the same lime with the active layer 
of the first TFl" 30, the gate insulating film 12, and the gate 
electrode 43 made of a re factory metal such as Cr or Mo 
Tlie active layer 41 includes a channel 41c, and, on respec- 
tive sides of the channel 41c, a source 4l5 and a drain 41 rf. 
llie above-described intcdaycr insulating film 14 composed 
of an SxN film, and an SiO^ Mm slacked in this order is 
provided on the entire surface over the active layer 41 and 
the gate insulating film 12 A contact hole formed through 
the interlaycf insulating film 14 and the gate insulating film 
12 in a position corresponding lo the drain Aid is filled with 
a metal, such as Al, integrally with the power source line 53 
connected to a power source Further, the planarizing insu- 
lating film 16 made of an organic resin or a similar material 
is formed over the entire surface for planan;?:alion . A contact 
bole is then fonned through the plan anting insulating film 
16, the inlerlayer insulating film 14^ and the gale insulating 
nim 12 in a position corresponding to the source 41s. A 
transparent electrode made of ITO (indium tin oxide) thai 
conlacts the source 41 through this contact hole, namely, 
the anode 61 of Ihc organic EL. clement, is formed on the 
planarizing insulating film 16 

[0065] File organic EL, clement 60 inchides ihe anode 61 
constituted by a transparent electrode made of ITO or a 
similar material, an emis&ive element layer 66 composed of 
a plurality of organic layers, and a cathode 67, which may 
be composed of a magnesium-indium alloy, slacked in this 
order "Iliis emissive element layer 66 includes, for example^ 
a first hole-transport layer 62 composed of a material such 
as MTDAFA (4,4,4u-is(3-meihylpbenylpheDylamino)triph- 
cnylaminc), a second holc-iranspori layer 63 composed of a 
material such asTPD (N,N'-dipbcnyl-N,N'-di(3~methylphc" 
ny!)-l,r-biphcEyl-4,4'diamine), an emissive layer 64 com- 
posed of, for example, Bebq^, bis(10-hydroxybenzo[b]quino- 
Hnato)berjdlium) including quinacridone derivatives, and an 
cleclron transport layer 65 composed of Bebq^or a similar 
material All of ihe above-noted layers of the emissive 
element layer 66 are laminated on ihe anode in the described 
order An insulating film 6S of a photosensitive organic resin 
is provided between anodes 61 of the organic EL elements 
60 for adjacent pixels and covering an edge 69 of the anode 
61, thereby preventing short-circuiUng between the edge 69 
of the anode 61 and the cathode 67 Ttie organic EL element 
60 of the above-described configuration constitutes an emis- 
sive region (display region) in each display pixel 

[0066] Another example of the structure of ihc EL cicmcnt 
60 can be constructed by sequcaliaUy laminating Ihe layers 
of (a) transparent layer (anode); (b) a hole transport layer 
constructed iiom NBP; (c) an emissive layer including red 
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(R) consiruciiid by doping a red dopant (DCJTB) into a host 
cnalcrial (Alq^)^ green (G) consimctcd by doping a green 
dopant (coumarin 6) inlo a host material (Alq^), and b]ue(B) 
construcitd by doping a blue dopant {pi:rylcnti) into :i host 
material (BAiq); (d) an i;leclron transport layer coasiruc^cd 
from AJq^; (c) an clcctroo mjection hsycr consinicied from 
lithmm lluoride (LiF); and (f) clecJrode (cathode) con- 
structed from Aluminum (A!). The ollicia] names of she 
above maierials described in abbreviations arc a& follows: 

[0067] ^'KBP": N,N^-Di((naphlhalcnc-l-yl)-N.N'- 
diphenyl-bcazidine); 

[0068] "Alq^": Tris(8-hydroxyquincIinato)aluminum; 

[0069] "DaTB": {2-(l J^Dimclhkihyl)^6^(2"(23.6,7^ 
toJ rahyd ro- 3 ,1 J,7-tclra me ihy 1 - 1 H j5H-benKD[ij]qu i no - 
ltzin-9yl)ethcnyi)-4H-pyran-4-ylidcnc)prDpancdini- 
iriJe; 

[0070] "conmann 6": 3-(2-Bcnzo!hiazolyl)-7-(dicihy- 
lamina)coumann; and "BAJq": (l,r-Bisphenyl-4-01a- 
to)bis{2-mcthyl-S-quinolinplaie-Nl,0S)Aiuminiim 

[0071] ITie present invention, however, is not limited to 
these configurations. 

[0072] In the organic EL clement, holes injected from the 
anode and electrons injected from the cathode recombine in 
the emissive layer, As a result, organic molecules contained 
in ibe emissive layer arc excited, generating exciions 
Through the process in which ibcse exciions undergo radia- 
tion uniil deactivation^ light is emitied Jjom the emissive 
layer (emissive material layer) 64 Tliis light radiates out- 
ward through the transparent anode 61 via the iransparenJ 
insulating substrate 10, resulting in light emission 

[0073] As illustrated in FIG. 6B, according to the present 
embodiment, only the emissive layers 64 of the respective 
organic EL elcmenls 60 arc made of diHerent organic 
materials depeoding on the color of light to be emitted, and 
formed in a paltcm similar to the anode 61, i.e in !he island 
pattern On the other hand, the hole transport layers 62 and 
63 and the electron transport layer 65 are formed of the same 
organic material for all the EL elements 60 for different 
colors R, G, and B, and shared by all the pixels. In a display 
device for displaying monochrome images^ the emissive 
layer 64 is formed over the entire surface similarly to the 
hole transport layers 62 aod 63 and the electron transport 
layer 65 because the layer can be formed of the identical 
material for al! the organic EL elements 60. The hole 
transport layers 62 and 63 and the electron transport layer 65 
may also be formed as individual pallcms, as is the emissive 
layer 64, when, for example, the layers are formed of 
diffcreEJt materials for the respective pixels in display 
devices for presenting either a monochrome image or a 
multi-color image in R, G, and B 

[0074] FIG. 7 shows in detail the positional relationship 
between the evaporation mask 100 and the substrate 10 
when the emissive layer 64 is formed through evaporation as 
individual patterns for the respective organic EL elements 
60j and corresponds to the partially enlarged cross sectional 
\^iew of FIG, 4. 

[0075] Refenring to FIG, 7, on the glass substrate 10 are 
formed the fn^t and second IFTs and the anodes 61R, 61Q, 
and 61B connected to the second TFT Further^ the insitlating 



film 68 is formed covering the peripheral regions of the 
anodes 61R, 610, and 61B, and the hole transport layers 62 
and 63 are formed 

[0076] Such a glass substrate 10 is introduced into a 
vacuum evaporation chamber with iu anode bearijig side 
facing downward In this particular example, the evapora- 
lion mask 100 having an opening UOR for a region where 
ihc emissive layer for red is formed is arranged such that the 
opening llOR is aligned with the anode 61R of the red 
display pixel The organic emissive material for emitting red 
light is evaporated from an unilluslrated evaporation source 
disposed below the elements in the figure, so tha? the 
emissive layer is evaporated onto the anode 61 (more 
precisely, on the hole electron layers 62 and 63 in FIG, 7) 
corrcspondicg to the opening llOR of the evaporation mask 
100 

[0077] The evaportition mask used in the present embodi- 
ment will nexl be described in detail As described above, 
the evaporation mask employed in the present embodiment 
is smaller in size than the substrate 10, and the region of the 
substrate 10 that is not covered with the evapornlton mask is 
shielded from the evaporation source 201 by the supporting 
member 210, as illustrated in FIG. 4 According io the 
present embodiment, a mask smaller than the substrate 10 on 
which elements arc formed is used for the evaporation mask 
iOO. In other words, a small'sized mask that can be formed 
with a sufficiently high precision can be employed even 
when ibe substrate 10 is large As a result, even when a metal 
mask of nickel (Ni) or tiie like is used as in the above 
description, the present embodiment allows the mask to 
have a thickness with a sufHcieni strength and shadowing to 
be reduced. When the racial mask is used for the evaporation 
mask in the prcscnl embodiment, the mask supporting 
portion of the supporting member 210 illustrated in FIG, 4 
preferably has a fixing mechanism for fixing the metal mask 
while applying tension thereto in its peripheral direction as 
illustrated m FIG. 2 

[0078] Next, another exemplary evaporation mask will be 
described with reference to FIGS- 8Annd 8Ii FIG, 8A is 
a perspective view illustrating the glass substrate 10 in 
contact with the evaporation mask 100, wherein the glass 
substrate 10 includes preformed components, namely, the 
first and second TFTs, the anode 61 and the insulating layer 
68 of the organic ELelcmenl 60, and the hole transport layer 
(not shown) shared by all pixels, similarly to the configu- 
ration in FIG, 7 FIG, 8B schematically shows cross sec- 
tional configurations of the glass substrate 10, the mask 100, 
and the mask supporting member 210, taken along the line 
D-D in FIG, 8A 

[0079] Tlie evaporation mask 100 illustrated in FIGS BA 
and SB is formed of a monocrystallinc silicon (Si) substrate 
having a thickness of, lor example, 05 mm, and has a 
greater thickness portion 140 of lO/^m to 50 //m in thickness 
in its peripheral region While the greater thicicness portion 
140 is not always necessary, the greater thickness in the 
peripheral region of the mask 100 contributes to increase in 
strength of the evaporation mask 100. Such an evaporation 
mask 100 is disposed in contact with, or close to, a lower 
surface of the evaporation object^ i .e the glass substrate 10 
having the predetermined layers up to those described 
above The organic material is evtiporated iiom the unillus- 
trated evaporation source disposed at the lower part of the 
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0gure, Jhcrcby evaporating the organic material onto ihc 
portion of the substrate 10 exposed by !he opening 110 of the 
evaporation mask 100 llie evaporation mask 100 in !he 
example of FIGS. 8A and SB is a mask for red color, and, 
when iht pixels for B are arranged in this sequence itj 
the row direction as illustrated in FIG, 1, the evaporation 
mask 100 has the openings llOR arranged in the colunan 
direciioji and corresponding io the regions where ihe organic 
EL elements for red are formed io every third column 

[0080] Whisn the evaporation mask 100 is formetl of a 
silicon substrate as in the preseni embodiment, the opening 
for the selective mask can be formed by etching the silicon 
substrate with the pbosolithography technique widely used 
in the an of semiconductor, making ii possible to readily 
form the opcoing vviih a high precision Further^ the organic 
malerial attached to a surface of the silicon substrate by 
evaporation of the ma(erial performed a plurality of times 
using ihc evaporation mask iOO of the silicon suhslralc can 
easily be removed, thereby allowing repealed use of the 
evaporation mask 100 Because tbc silicon substrate is 
highly resistant to cichant used for c^chiog away the organic 
material attached to ihc surface, the mask can be more 
repeatedly used, contribuiing to reduclion in manufacturing 
cosi 

[OOSl] As described above, a mask smaller in size than ihe 
glass substrate 10, or the evaporation object, is used, as 
opposed to tbc related art in which a single large mask is 
used for the entire surface of Ihe large -sized glass substrate, 
whereby ihe evaporating source can always be disposed 
immediately under the evaporation mask, that is, relatively 
speaking, immediately below the evaporation region. Con- 
scquenlly, die evaporated material, or the organic material, 
can always be evaporated !o the respective pL\el regions 
(emissive regions) &ora the vertical direction Hits can 
prevent undesirable evaporation caused by ihe material 
scattering around and being deposited on adjacent anodes, 
and deviation of evaporation posiiion, and avoid shadowing, 
which is caused by ihc thickness of the opening of the 
evaporation mask and by the fact thai the evaporated mate- 
ria! scatters over a wide area because the evaporation source 
is not located immcdialcly under the opening 

[0082] A second embodiment of the present invention will 
nexi be described with reference to FIGS 9A-9C FIG. 9A 
is a perspective view for explaining the evaporation process, 
FIG, 9B schematically shows Ihe cross seciion taken along 
the line E-E in FIG. 9 A, and FiG C shows the evaporation 
process of FIG. 9A from the right side Similarly to the first 
embodiment, Ihe substrale 10 having the components pre- 
formed Uiereon, namely, ihe first and second TFTs, the anode 
of the organic El element, the insulating layer covering the 
edge of the anode, and the hole transport layer (when it is 
formed over ihe entire surface), is disposed with its element 
bearing side facing downward The evaporation mask 100 is 
disposed on tiiis element bearing side of the substrate 10 

[0083] For the evaporation masic iOO, a silicon mask 
formed of a silicon substrate is used similarly to the mask 
shown in FIGS. 8 A and 8B (although [he meta! mask may 
be used) The evaporation mask 100 in this example includes 
openings 110 corrcspofiding to a single column of pixels to 
serve for the pixel regions for the same color arranged in the 
column direction on ihe glass substrate 10 immediately 
under such openings 110 of the evaporation mask 100, a 



plurality of evaporation sources 200 are disposed, The 
plurality of evaporation sources 200 are arranged in a 
direction in which the openings 110 of the evaporation mask 
100 are arranged, thereby colleciivcly forming a linearly 
cxtetiding source 201 arranged in a straight line m the 
column direction, as illustrated in FIG« 9C, in this particular 
example. 

[0084] As shown in the above-noted iigures, the evapora- 
tion mask lOO corresponding to a limited set of display 
pixels is used for evaporation, rather than evaporating the 
material onto the entire surface of the large glass substrate 
using a single metal mask as in the related art Tlierefore^ the 
evaporation sources can be disposed immediately under the 
openings 110 of such an evaporaiion mask, thereby causing 
the organic material scattered from ihc evaporation sources 
2(M) with a vertical directivity to attach onto ihe glass 
substrate Consequently, undesirable atiuchmenl of the 
organic material onto adjacent anodes and deviation of 
position at which the emissive layer is formed can be 
prevented 

[0085] For evaporating the evaporation material from the 
evaporation source onto the glass substrate 10, in this 
example the gliiss substrate 10 is slid by a predetermined 
pilch from the right to the left in the figure, i.e. in the 
direction along a pair of sides of the substrate 10 or along the 
row of the caatrix on the substrate 10, or in the direction 
perpendicular to the direction in which the openings 110 of 
the evaporation mask 100 and the lineariy extending source 
201 are arranged Alternatively, the evaporation mask 100 
and the evaporation sources 200 may be moved relative to 
the substrate 10, rather than moving the substrate 10, while 
maintaining Ihe positional relationship between the open- 
ings 110 of the evaporation mask 100 and the respective 
evaporation sources 200. In cither case, the openings 110 of 
the evaporation mask iOO and Ihe evaporation sources 200 
are arranged in a direction perpendicular to the direction of 
relative movement between the substrate 10, and the evapo- 
ration mask 100 and the evaporation sources 200 

[0086] llie method of sliding the glass substrate 10 will 
next be described The opci^ing 110 of the evaporation mask 
100 is first aligned with the red display pixel IR in a given 
column, and the organic mnterial for red is evaporated from 
the evaporation source 200 Tlie glass substrate 10 is then 
slid by a predetermined pitch (every third column, for 
example, when the pixels for R, G, B are arranged as stripes 
in ibis order), so that the evaporation mask 100 is aUgned 
with the red display pixel IR in the next red column and the 
red organic materia! is evaporated By repeatedly perform- 
ing such evaporation and substrate sliding steps, the organic 
material for red can be evaporated onto each anode for the 
red display pixels formed on the glass substrate iO Upon 
positioning of the evaporation miask 100, when the precision 
in alignment between the evaporation mask 100 and the 
anode on the substrate 10 can be maintained^ the mask 100 
must be aligned therewith only for the first evaporation, and 
it is not necessary to align these elements every time the 
substrate 10 is slid Such an approach is prcfer^ible because 
it contributes to improvement in throughput of the process 

[0087] Evaporatiot3 for the green and blue display pixels 
IG and IB* respectively, arranged in the column direction 
nexi to the red display pixel IR as shown in FIG. 1 can be 
performed in a similar manner to ibe evaporation for red 
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More specifically, glass substrate 10 is slid, and evapo- 
ration is scqucoJially performed from ihc anode ots one side 
of tbe substrate 10 lo the anode on ihe other side thereof 
Thus, the organic materials for the respective colors can be 
provided on the anodes 61R^ and 61B corresponding lo 
the respective display pixels iR, 10, and IB 

[0088] As illustrated in FIG, 9B, the evaporation mask 
100 is fixed to tlic supporting member 210 having an 
opening in a region for disposing the evaporation mask as 
Ihni shown in FiG, 4, and the region of ihe substrate 10 that 
is not covered with the evaporation mask 100 is shielded 
from the evaporation source 200 by the supporting member 
210 

[00S9] The cvaporai ion mask 1 00 m ay have more than one 
column oC openings 110 (only for the pixels of ibc identical 
color), rather than a single column of openings as ilhistraied 
in FiG. 9A When ^he openings 110 are provided in an 
increased number of columos, however, the cv;tporatcd 
material scatters obliquely for iht opening 110 formed al a 
position distant from the linearly extending source 201 
extending in the column direction Therefore, the number of 
columns of the openings 110 in a single evaporation mask 
100 is preferably determined taking into consideration the 
distance between ihc evapor;tlion source 200 and the glass 
substrate 10^ and ihe scattering direction of the evaporated 
material, 

[0090] Further, similarly to the number of columns 
described above, the number of openings 110 provided in the 
evaporation miisk 100 may not be the same as the total 
□umber of anodes arranged in one columD among the anodes 
for a pturaliiy of pixels on the glass substrate 10 as illus- 
trated in FIG, 9Ay and may be smaller than this number 
When such a smaller number of openings are provided, 
evaporation mask 100 thai is smaller in size in both row and 
column directions than the large-sized subsiraie 10 of, for 
example, 400 mmx400 mm is used llie evaporation mask 
100 and the substrate 10 are first arranged sucb that some of 
Ihe anodes of pixels in tbe column direciioD overlap the 
openings 110 of the mask 100. The substrate 10 is then 
sequentially slid to the end in She row direction \^^hilc the 
organic layer is formed by cvaporalioD Nexi^ the relative 
position between the substrate 10 and ^hc mask 100 is shifted 
in the column direction by the distance corresponding lo the 
number of openings 110 provided in ihe mask 100, and the 
substrate 10 is again slid in ihe row direclion while the 
evaporation process is performed Such a procedure is 
repeatedly conducted until Ihe organic layer is evaporated 
onto all of the necessary pixel regions on the substrate 

[0091] The number of columns of the openings 110 of the 
evaporation mask 100 and ihe number of openings in a 
column are preferably maximized while suppressiiag shad- 
owing by the evaporation mask 100 caused by the evapo- 
rated material from the evaporation source 20i) being scat- 
tered in an oblique direction, and undesirable evaporation 
onto other pixels. This is because a larger oumber of 
openings 110 resuU in a wider area to be evaporated by a 
single evaporation, leading lo a higher throughput of the 
evaporation process 

[0092] When a plurality of evaporation sources 200 are 
arranged in the column direction to form a Hneariy extend- 
ing source 201 as illustrated in FIG. 9A and the size of the 
evaporation mask 100 is the same, shadowing or undesirable 



evaporation onto other pixels can signilicantly be reduced as 
compared to the case where the organic layer is formed by 
evaporation onto the anodes for a plurality of pbcels by a 
single (dot- like) evaporation source 200. This is because, as 
the evaporation sources are arranged in Ihe column direction 
by employing the linearly extending source 201 as illus- 
trated in FIG, 9Cy the evaporation material is scattered more 
vertically, thereby making uniform the direction of the 
scfittcring evaporation material from the evaporation mask 
100 to the respective openings 110 
[0093] It should be noted that the organic materials hav- 
ing, for example, an emissive fisnction and used for the 
organic EL. elements for the respective colors are evaporated 
onto the pixel regions for the corresponding colors in 
different chambers (chambers where diiTerent evaporation 
sources are set) using different masks 
[0094] Next, the movement pitch of the above-described 
substrate 10 when the substrate is slid will be described 
[0095] When the openings of the evaporation mask 100 
are arranged in a direction perpendicular to the sliding 
direction oC the substrate 10 as described above and the 
display pixels IR, IG, and IB arc arranged as stripes as 
shown in FIG. 1, the openings 110 of the evaporation mask 
100 are n^oved to every third column corresponding to, for 
example, the repeatedly arranged display pixels IR, skip- 
ping the display pixels IG and IB. llius, the sliding pitch 
corresponds to 3 columns when the arrangement as shown in 
FIG. 1 is employed More precisely, the process can be 
performed by sliding the substrate 10, or changing the 
relative position between the substrate and the evaporation 
mask 100, corresponding to the repeatedly arranged red 
display pixels IR 

[0096] As described above^ according to the second 
embodiment of the present invention, the evaporation mask 
100 smaller in size than the substrate 10 is employed to 
evaporate the organic material for the identical color onto 
the substrate 10 a plurality of times Further, the linearly 
extending source 210 extending in the direction in which the 
evaporation mask 100 is provided is employed As a rcsuk, 
variation in evaporating conditions for the respective open- 
ings 110 is reduced, thereby preventing variation in thick- 
ness of the evtiporation layer Consequently, problems, such 
as variation In tone of the same color between the central 
portion and the peripheral portion of the glass substrate 10, 
can be avoided, and the organic material lo be evaporated 
onto a given anode is prevented from reaching and being 
attached onto the adjacent anodes for different color pixel 
regions, thereby preventing bltirring caused by color mix- 
lure 

[0097] Further, ilcxure of the evaporation mask 100 
according to ihc second embodiment is verj' small because 
a sulScient strength is provided lo the mask This feature 
further ensures prevention of problems^ such as the opening 
110 and the metal mask 100 becoming misaligned from the 
central portion toward the peripheral portion of the mask 
lOO Sucb a misalignment shifts the position where the 
emissive material is actually evaporated frona the anode 61 
onto which the organic material msisl be evaporated ^ as a 
result of which a given cobr cannot be emitted in the EL 
display device. As a result, color blurring can be eliminated 
and vivid display of a desired color can be achieved 
[0098] While in ^he above -described first and second 
embodimenls only several openings of the evaporation mask 
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arc illustraied for clarity of illustration^ in actual fact more 
openings are fomied Whcn» for example, a plurality of 
display devictj regions are simullaDeously formed on the 
saiBu sufetrulc 10, the openings arc formed in a number 
corresponding to (c g, the total niimbcr of a subrauUiple of) 
display device regions having the pixels of, for example, 852 
(columns) x222 (rows) 

[0099] Further, while in the above-described lirsi embodi- 
ment the single large substrate 10 is divided ioto four 
evaporation regions as shown in FIG- 3^ naturally the 
number by which the substraic is divided is not limited to 
four in the present invention However, because the insu- 
lating substrate is slid in vertical and horizontal directions of 
FIGr 3 (X and Y dkeciions, rcspeclivcly) for evaporation^ 
this number is preferably an even Dumber in lighi of the 
evaporation process efficiency 

[0100] While the display pixels for the respective colors 
arc described as being arranged as stripes in ihe above 
cmbodimenlSi other arrangements are also possible, and the 
present invention can also be applied to a display device 
having display pixels in the so-called delta arrangement or 
in a variesy of other arrangcmeats. In such a case, the present 
invention can be readiJy implemented by using an evapo- 
ration mask having openings corresponding to the ;irrange- 
menl of tlie respective color display pixels 

[0101] Further, as described in connection with the second 
embodiment, the number of cvaporaiion sources disposed 
below the evaporation mask may be set such thai Ihe organic 
material scattered onto ihc glass substrate has Ihe directivity 
as close as possible to the right angle to the substra^c More 
specifically^ the number may be determined in accordance 
with the distance between the glass substrate and the evapo- 
raJion source, and with a predetermined thickness of the 
organic material layer formed on the anode ll should be 
noted, however, ibM, when a plurality of separale cvapora- 
tioo sources are arranged, the organic material can be 
efficiently and uniformly evaporated to the respective open- 
ings by providing one evaporation source for each opening, 
or providing as many evaporation sources as possible if such 
a one-ori-one provision is impossible 

[0102] Next, a specific example and variations of the 
linearly extending source employed in the above-described 
second embodiment will be described wish reference to 
FIGS 10A40C FIG. lOA illustrales a more specific con- 
figuration of the linearly extending source 201 shown in 
FiG, 9 A Referring to FIG- lOA^ each evaporation source 
200 is formed by a container 202 containing the evaporation 
maierial (such as emissive material) 130^ and such sources 
arc linearly arranged to constilute the linearly exicnding 
source 201 It should be noted that each evaporation source 
200 can heat She evaporation material 130 by means of aa 
unilJuslraJcd individual heater. The linearly exicnding 
source 201 illustrated in FIG- Wll includes a plurality of 
material ceils formed in a single container 20.3, each con- 
taining the evaporation material 130 One or more unillus- 
Iraled heaters heat the evaporation material 130 in each 
material cell to cause evaporation As described above, each 
material eel! may be disposed corresponding to the position 
of the opening HO in the niask 100, or lo a plurality of 
openings 110. The linearly extending source 201 iUusirated 
in FIG. IOC is formed by a single container 204 elongated 
in one direcJion and contaioiog the evaporation material 



130. A plurality o£ heaters 205 are provided to heat and 
evaporate the evaporation material 130 

[0103] The structure in FIG. lOA is advantageous in that 
the independently provided evaporation source 200 can be 
individually controlled, and thai the evaporalion source 200 
with a malfunction can be individually replaced Because a 
single container 203 is employed for the linearly exicnding 
source 201 illustraicd in FIG. lOB, ihc source can be easily 
moved or healed, facilitating the control In additio£5» the 
conuiner203 can be designed such that the material cell is 
placed corresponding to each opening 110 of die mask 100 
to the greatest exlepl possible, as iljustrajcd, thereby reduc- 
ing the amount of material scattered from the evaporation 
source to the region where the opening is not provided, aod 
achieving a high cfEcicncy in use of the material similarly to 
the linearly extending source 201 in FIG. lOA 'Flie lineariy 
exJending source 201 illustrated in FIG« IOC can be easily 
controDcd upon, for example, movement because a single 
container 204 is employed By using a plurality of healers 
205 as iilusiraied in FIG. IOC, the optimum heating envi- 
ronment can be realized by individually controlling ihe 
rcspeciivc heaters 2(i5, and, when some of the healers 205 
break down, the rest of ihe heaters 205 can heat ibe 
evaporation material 130 compensating for the failed heat- 
ers 

[0X04] As described above, the differently configured 
soi^rces 201 extending in a linear manner have dilTerenl 
characlcrislics By choosing an appropriately configured 
source 201 for the particular usc^ the evaporation process 
can be smoothly performed, and reduction in cost and 
improvement in accuracy can be achieved 

[0105] The mask 100 having an smaller area than the 
substrate 10 is employed in the above description. When the 
linearly extending source 201 as illustrated in FIGS lOA- 
IOC is employed Jiod moved relative lo the substrate, a 
uniform evaporation layer can be formed in each region 
even by employing, for example, a mask similar in si^e to 
the substraie 10 and having a plurality of openings corre- 
sponding lo the individual patterns of ihe evaporation layer 
for the plurality of pixels on the substrate 10 When ihc 
openings 130 are formed in Ihe individual pauerns in ihe 
mask corresponding to the respective pixels^ greater etiecis 
of shadowing and the like are observed in ihc openings 110 
located farther from the evaporation source if the relative 
posilion between the evaporation source and the substrate 
remains unchanged However, by employing the relatively 
large source 201 extending in a hncar manner as illustrated 
in FIGS lOA-lOC, and moving the source 201 or the 
substrate 10 and the mask 100 fixedly aligned with the 
subsirate 10^ the source can be positioned equally close to 
Ihe respective regions for forming the evaporation layer on 
ihe substrate 10, and in particular the source always passes 
immcdiaiely beiow each region Consequently^ the individu- 
ally pallcracd evaporation layer can be uniformly formed for 
each pixel on the substraie When the throughput of the 
evaporation process is sufEcieutly high, a single dol4ike 
evaporaiion source 200 may be used and moved relative lo 
the substrate 10 rather than using the large linearly extending 
source 201 With any of the above -described sources, a 
large-sized mask 100 may also be used as long as inaccurate 
posiiioning of the opening 110 with respect m the evapora- 
tion layer formation region due to flexure and the like can be 
avoided 
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[0106] Aliboygb the display device has been described as 
bcmg an active matrix display device including a TFT for 
each pixel as a switching clement, the switching clemen! is 
□ol linoiltd to a TfT and may be a diode or Ihc lilic FurEher, 
the display device is not limited \o Ihc active matrix color 
display device, and the present inveotion may be applied to 
formation of an individual evaporation layer for each pixel, 
column^ or row of a subslraic having a large area in a passive 
mitirix display device where a switching clement is not 
formed for each pixel. In other words, by employini]; an 
evaporation mask smaller than the large-siited substrate and 
causing relative movement between the evaporation maslc 
and the cvaporaHon source, and the subsiratc, a uniform 
evaporation layer can be accurately fortncd at any position 
o£ the substrate 

[0107] Further, while organic EL display devices are 
described in the above-described embodiments, the present 
invention is not limited Ihercio, and is also applicable to a 
commonly useil vaciuim fluorescent display (VFD) includ- 
ing sell-er?3issivc elements In a VFD, an anode, a filament, 
and a fiuorcsceiil material layer provided on the anode 
correspond lo an anode, a cathode, and an emissive element 
layer of an organic HL element, respectively When the 
present invention is applied to a VFD, the material is 
attached using a mask having an opening af a position 
corresponding lo the fluorcscenl material layer of a prede- 
termined color For such atlacbmenl, the glass substrate onto 
which the fluorescent maierial is attached is slid by ibe pilch 
corresponding lo a prcdcicrmincd number of display pixels 

What is claimed is; 

1 A method of forming an individually paUemcd layer in 
a plurality of regions of a substrate, comprising the sieps of: 

disposing between said substrate and a layer material 
source a mask including an opening corresponding \q 
one or more of the plurality of regions where stud layer 
is formed; and 

causing relative movement between said mask and said 
layer material source^ and said subslraic, and causing a 
material scattered from said layer material source to 
attach to said substrate through said opening, thereby 
forming said individually patterned layer 

2 A melhod according to claim 1, wherein 

said layer material source is a linearly extending source 
elongated in a direction perpendicular to a direction of 
the relative movement between said mask and said 
layer material source, and said substrate 

3 A method according to claim 2, wherein 

said linearly extending source is formed by a plurahiy of 
layer material sources arranged adjacent lo each other 

4 A method according lo claim 1, wherein 

said layer is an clectroluminesceni layer formed between 
first and second electrodes, and 

said layer material is an electroluminescent material 

5 A method according lo claim 4^ wberet£3 

said clcctroluminesccni material is an organic material 
scattered from said layer material source by evapora- 
tion and attached to said substrate, thereby forming said 
electroluminescent layer 



6 A mclbod according to claim 1, wherein 

a semiconductor ma?crial is used for said mask 

7 A method of forming an individually patterned layer in 
a plurality of regions of a subslrale, comprising the steps of: 

disposing benvcen said substrate and a layer material 
source a mask having a smaller area than said substrate 
and including an opening corresponding lo one or more 
of the plurality of regions where said layer is formed; 
and 

causing relative movement between said mask and said 
layer material source, and said subslrate, and causing a 
material scattered from said layer material source to 
attach to said subslrale through said opening, thereby 
forming said individually pallcmcd layer 

8, A method according to claim 7^ wherein 

said layer material source is a linearly extending source 
elongated in a direction perpendicular to a direction of 
ihe rclaiive movcmeni between said mask and said 
hyer material source, and said substrate, 

9, A method according lo claim 8^ wherein 

said linearly extending source is formed by a plurality of 
layer material sources arraogcd adjacent to each other 
10 A method according to claim 7, wherein 

a semiconductor material is used for said mask 
11 . A manufacturing method of a cobr emissive device 
including, on a subslrale, a self-emissive elemcnl having a 
first electrode, an emissive material layer for each color, and 
a second electrode, for each of a plurality of pixels, said 
method comprising the sleps of: 

disposing between said substrate and an emissive material 
source a mask including an opening at a position 
corresponding io a region for forming the emissive 
material layer of one or more of said plurality of pixels 
of said substrate; and 

sliding a relative position between said mask and said 
emissive material source, and said substrate by a pre- 
determined pitch corresponding lo a si?£ of the pixel of 
said subslrale, and causing an emissive material to 
attach to a predetermined region of said substrate 
through said mask, thereby forming the emissive mate- 
rial layer 

12 A manufacturing method of a color emissive device 
according lo claim 11, wherein 

said subslrale is slid in two directions of said substrate 
perpendicular lo each other by a pilch corresponding to 
an arrangement of said pixels for a same color 

13 A manufacluring method of a color emissive device 
according to claim 11, wherein 

said substrate is slid in one direction of said substrate by 
a pitch corresponding to an arrangement of said pixels 
for a same color 

14 A manufaciuring method of a color emissive device 
according lo claim 11, wherein 

said emissive materia! source is a linearly extending 
source elongated in a direction perpendicular lo a 
direction of the relative movement between said mask 
and said emissive material source, and said substrate 

15 A manufacturing method of a color emissive device 
according to claim 14, wherein 
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said linearly expending source is formed by a plurality of 
emissive maicrial sources arranged adjaccFii to each 
other 

16 A manufaciunng miithod of a color emissive device 
according to claim 11, wherein 

said self-emissivc element is an eiectroluminesccn! cle- 
ment, 

17 A mamifaciuring meihod of a color emissive device 
according to claim 11, wherem 

said emissive device is a display device for displaying an 

image with a plurality of pixels 
IS A manufaciuring mejbod of h color emissive device 
according to claim II, wherein 

a semiconductor maicrial is used for said mask. 

19 A manufacturing method of a color emissive device 
including^ on a substrate, a self-cm issive element having a 
first electrode, ao emissive material layer for each color, and 
a second electrode, for each of a plurality of pixels, said 
method comprising the steps of: 

disposing between said substrate and an emissive material 
source a mask including an opening al a position 
corresponding to a region for foraiing the emissive 
material layer of one or more of said plurality of pixels 
of said substrate, and having a SE^ialler area than said 
subsirate to cover one or more of said plurality of pixels 
on said subslratc; and 

sliding a relative position between said mask and said 
emissive material source, and said substrate by a pre- 
determined pitch corresponding to a size of Ihe pixel of 
said substraic, and causing an emissive material to 
atiach (o a predciermined region of said substrate 
through said mask^ thereby forming the emissive mate- 
rial layer 

20 A manufacmring method of a color emissive device 
according (o claim 19, wherein 

said substrate is shd in ivjo directions of said subslratc 
perpendicular lo each other by a pitch corresponding lo 
an arrangemcnl of said pixels for a same color 

21 A manufacturing method of a color emissive device 
according lo claim 19, wherein 



said substrate is slid in one direction of said substrate by 
a pilch corresponding to an arrangcmcnl of said pixels 
for a same color. 

22 A manufaciuring method of a color emissive device 
according lo claim 19, wherein 

said emissive material source is a linearly extending 
source elongated in a direction perpendicular to a 
direction of the relative movement between said mask 
and said emissive material source, and said substrate 

23 A manufacturing method of a color emissive device 
according claim 22, wherein 

said linearly extending source is formed by a plurality of 
emissive material sources arranged adjaceni to each 
other 

24 A manufacturing method of a color emissive device 
according to claim 19, wherein 

a scmiconduclor material is used for said mask. 

25 A manufacturing method of a display device includ- 
ing, on a substrate, a self-emissivc element having a first 
electrode, an emissive material layer for each color^ and a 
second clecU-ode, for each of a plurality of pixels, said 
method compriising the steps of: 

disposing between said substrate and an emissive material 
source a mask including an individual opening for each 
pixel corrcspotiding to a region for forming the emis- 
sive maieria! layer individuaUy patterned for each of 
said plurality of pixels; and 

sliding a relative position between said emissive material 
source and said substraic and causing an emissive 
material to attach to a predetermined region of said 
substrate through the opeoing of said mask, thereby 
forming the emissive maicrial layer 

26 A manufacturing method of a display device accord- 
ing to claim 25, wherein 

said emissive material source is a linearly extending 
source elongated in one direction 

il; 4i >(: 
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ABSTRACT 



A successive vapor deposition system in which a vapor 
deposition material is bcaied, vaporixed in a vacuum, and 
deposited onto a vapor deposition area of a substrate, 
includes a conveyer which conveys the substraJc in a con- 
veying direction parallel to a plane on which the substrate 
lies, wherein the vapor deposiiion area faces downward and 
is exposed through ihe underside of the conveyer; a plurality 
of vapor deposition chambers aligned in Ihe conveying 
dirccHon, each the vapor deposition chamber including a 
space through which the substrate is conveyed; at least one 
container positioned in each of Ihe plurality of vapor depo- 
sition cbamben; below the plane on which Uic substrate lies, 
and containing the vapor deposition material, wherein a 
widJh of Uie coniainer covers the vapor deposition area in a 
clireciion perpendicular lo the conveying dkeclion; and a 
heating medium provided for the container 
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SUCCESSIVE VAPOUU DEPOSO ION SYSl EM, 
VAl^ODR OEPOSIiiON SYSTEM, AND VATOUR 
DEPOSITION PROCESS 

BACKGROUND OF Tl lE INVENT ON 
[0001] 1 Field of the Invention 

[(M)l)2] The present invention rcj:iies to a successive vapor 
deposition system siiiJablc for successive formation of thin 
layers of clillerent vapor deposition materials onto a sub- 
stnite, The present mvcnlion a^so rclI^tes to a vapor deposi- 
tion syslem and a vapor deposilioo process 

[0003] 2, Description of the RelaJcd Art 

[(M)04] A typical organic clectroluminesceni device gen- 
erally has a hole-lransporting layer, a luminescent layer, an 
elcctroQ-lransporting layer and an electrode layer which are 
formed by vacuum deposition successively on an ITO 
(Indium tin oxide) glass substrate In conventional succes- 
sive vapor deposition syslems for Conning such successive 
layers on the glass substrate, a plurality of vacuum deposi- 
tion chao3bcrs (which include a substrate slock chamber and 
a prcHminary trealnienl chamber) for evaporating diHereni 
vapor deposition materials onto the glass substrate are 
arranged radially with respect to a central vacuum carrier 
robotic chamber so that the glass substrate is successively 
transferred from one chamber to aaoJher among the plurality 
of vacuum deposition chambers via a robotic system of the 
central vacuum carrier robotic chamber to form ihin layers 
of the diUcrcDt materials on the glass substrate 

[0005] In such conventional successive vapor deposition 
systems, the substrate needs to be successively displaced 
from one chamber to another, among the plurality of vacuum 
deposition chambers, via the central vacuum carrier robotic 
chamber, which is a time-consuming and inefficient opera- 
lion, In addition, vapor deposition materials are consumed 
excessively because of the fundamental structure of the 
conventional systems in which vacuuoG deposition chambers 
arc merely arranged around the central vacuum carrier 
robotic chamber Spccilicallyt in such convcndonal succes- 
sive vapor depositions systems, different vapor deposition 
materials and the substrate are respectively arranged on 
lower and upper areas in a vacuum deposition chamber, and 
the d liferent vapor deposiiioo materials are heated to be 
vaporized (or sublimed) while the substrate is being rotated 
on its axis or revolved around the axis of the central vacuum 
carrier robotic chaEnbcr to form layers of the different vapor 
deposition rnaterials entirely on one side oE the substrate 
with a substantially even layer thickness However, an 
excessive consumption of the vapor deposition materials 
cannot be avoided because the evenness of the layers is 
ensured only by depositing a portion of vaporized molecules 
onto the substrate, the vaporized molecules of which are 
spread out widely upwards in all directions from crucibles or 
boats, each of which is approximately regarded as a point 
source of evaporation In other words, an excessive con- 
sumption of the %Mpor deposition materials cannot be 
avoided because most of the vaporized molecules are depos- 
ited onto inner walls of the vacuum deposition chambers; 
only a few percent of the vaporized molecules is deposited 
onto the substrate in practice. Some vapor deposition mate- 
rials used in productioo of organic eleclrolumirjescenl 
devices are extremely expensive, e g , tens of thousands of 



yen per gram Accordingly^ an excessive consumption of the 
vapor deposition materials causes a substantial increase in 
the cost of production 

[0006] In an organic elcclroluminesccnl device^ a host 
material and at least one dopant material arc generally 
co-deposited on the substrate at a specific ratio (e g., a ratio 
of 100 to 1 , or a ratio of 100 to 0 5) in order to determine the 
luminescent color of an organic luminescent layer However, 
in conventional organic electro-luminescent devices, most 
of such diflerent materials are wasted, and [uFther, it 
becomes diflicull lo reJain the specific ratio over time 

SUMMARY OF n-lE INVENTION 

[0007] The present invention is devised in view of the 
problems noted above, and accordingly provides a vapor 
deposition system which makes it possible lo form layers of 
vapor deposition materials on a substrate successively with 
efGciency of time, and with a minimum wsslc of the vapor 
deposition materials 

[0008] The present invention also provides a vapor depo- 
sition syslcm which makes it possible to co»<;kposit different 
vapor deposition malerials onto a substrate to form layers of 
the different vapor deposition materials thereon al a specific 
ratio with a minimum fluctuation thereof. 

[0009] For example, in an aspect of the present invention, 
a successive vapor deposition system is provided, in which 
at least one vapor deposition malerial is healed, vaporized in 
a vacuum, and deposited onto an area lo be deposited 
(hereinafter, a vapor deposition area) of a substrate The 
successive vapor deposition system includes a conveyer 
which conveys the substrate m a conveying direction par- 
allel lo a hortzonlal plane on which the substrate lies; a 
plurality of vapor deposition chambers aligned in the con- 
veying direction; at least one container positioned, in each of 
the plurality of vapor deposition chambers, below the hori- 
zontal plane on which the substrate lies; and a heating 
medium provided for the container 

[0010] The vapor deposition area of the substrate faces 
downward and is exposed through the underside of the 
conveyer Hacb of the vapor deposition chambers includes a 
space through which the substrate is conveyed in the con- 
veying direction The container contains the vapor deposi- 
tion malerial, and the width thereof covers the vapor depo- 
sition area in a direction perpendicular lo the conveying 
direction 

[0011] A plurality of containers for containing the vapor 
deposition nnateaal can be positioned in at least one of the 
plurality of vapor deposition chambers Tlie top openings of 
the plurality of containers extend in a direction perpendicu- 
lar to the conveying direction so that respective vaporized 
materials ascending from the pluniUiy of cootainers arc 
co-deposited onto a common area on the vapor deposition 
area of the substrate 

[0012] At least one of the pluralijy of containers is adjust- 
ably tilted al a desired angle relative lo another container in 
order to define the common area 

[0013] According io another aspect of the present inven- 
tion, the vapor deposition system is provided with a single 
vapor deposition chamber in which at least one vapor 
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dcposiljon maltirial is heated, vaporized ia a viiaium, and 
deposited onto a vapor dcposuion area of a subslratc 

[0014] The conveyer conveys the subslr;ile in a vapor 
deposition chamber in the conveying direction parallel to the 
horizontal plane on which ihc substrate iies^ wisilc the vapor 
deposition area faces downward and is exposed through the 
underside of the conveyer ilic cootiiiner is provided, in the 
vapor deposition chamber, beJow ibc horizontal plane on 
which Uic sitbslraic Hcs, and contains the vapor deposition 
maierial The width of ihe container covers the vapor 
deposition area in a direction perpendicular to the conveying 
direction Hie healing mediiim is provided for fhc container 
for heating the vapor deposition mLiterial 

[0D15] As still another aspect of the prcscni invention, the 
vapor deposition system can be used as an independent 
co-dcposition system In this aspect of the prcscDt mvcntionj 
a pluraliiy of the conuiners, which are provided io a vapor 
deposilioo chamber, are arranged so ihai respective vapor- 
ized materials ascending from the plurality of containers are 
co-deposited onto a common area on the vapor deposition 
area of the substrate, Moreover, al least one of the plurality 
of containers is adjustably tilted at a desired angle relative to 
another contaiacr in order lo define the common area ia the 
vapor deposition area of the substrate 

[(K>1G] In regard to the container, a depth of the container 
is determiiied so thai the vapor deposition material lo be 
vaporized which is cotitained Ihercin can ascend in a direc- 
tion of the depth of Ihc container and toward the vapor 
deposition area of the substrate According lo 5his arrange- 
menl^ the vapor deposition material is vaporized on the 
vapor deposition area of the substrate by utilizing direcHvily 
of moiecules of the vapor deposition material due to the 
so-caUed chimney effect; however, i{ is understood, in the 
prior art, that a container (a crucible) for containing a vapor 
deposition material desigocd to have ihe chimney effect is 
not preferable, when attempting to achieve an even-layer 
forming on the vapor deposition area. 

[(H>i7] Furthermore, as long as the container is designed lo 
cover the whole vapor deposition area in a direction per- 
pendicular !o the conveying direclion, any type of container, 
such as single-type container or a scparatc-iype container, 
can be utilized 

[OOlS] In the case where a single-type container is 
employed, a container having the shape of a rectangular l^ox 
elongated in a direction perpendicular to the conveying 
direction is preferable In other words^ the crucible, which is 
formed as explained, can cover the vapor deposition area id 
the direction perpendicular to the conveying direction with 
the minimum length of the cnicibk 

[0019] Furthermore, it is preferable that the inner space of 
the crucible be pariilioncd by a plurality of partitions in 
order io beaJ the vapor deposition material uniformly More 
specifically, ihe partition extend parallel la each other in a 
direction oblique to the conveying direction so that a layer 
of the vapor deposihon material is formed uniformly on the 
vapor deposition area On the other hand, if the partitions 
extend parallel to the conveying direclioo^ the density of 
molecules of the vupor deposition material just above the 
partitions becomes sparse due to the chimney eilect, even 
under the condition that the heat can be uniformly applied lo 
the vapor deposition maJerial It is understood that a plural- 



ity of partitions is equivaleni to plural containers arranged in 
a direction perpendicular to the conveying direction, and 
that a container in which the vapor deposition materia! is 
provided can be separated into plural containers 

[0D20] As a furtlser aspect, the present invention can be 
applied to a vapor deposition process in which al least one 
vapor deposition material is bented, vaporized in a vacuum, 
and deposited onto a vapor deposition area of a substraic 
Tlie vapor deposition process comprising the following steps 
of: 

[0021] conveying the substrate into an inner space of 
al least one vapor deposition chamber in a conveying 
direction parallel to a horizontal plane on which the 
substrate lies, wht!e the vapor deposition area faces 
downward and is exposed via an opening in the 
underside of the conveyer; 

[0022] positioning the substrate, in the inner space of 
the vapor deposition chamber^ above at least one 
container which contains the vapor deposition male* 
rial, is positioned in the inner space of the vapor 
deposition chamber, and the width of which covers 
the vapor deposition area in a dircclion perpendicular 
to the conveying direction; and 

[0023] healing the conlainer to evaporate the vapor 
deposition material onto the vapor dcposiiion area. 

[0024] lo Ihe vapor deposition process tiescribtd above, a 
plurality of vapor deposition chambers can be provided in 
the conveying direction along which a substrate to be 
deposited is conveyed A coniaincr is positioned in each of 
the vapor deposition chambers, and the heating can be 
performed in each of the vapor deposition chambers in order 
to vaporize the vapor deposition material contained therein 

[O025] In the vapor deposition process described above, a 
plurality of the containers can be provided in a vapor 
deposition chamber In each of the containers, diHereni 
vapor deposition materials arc provided therein.. Each of the 
containers is independently healed so that the diflcrcnt vapor 
deposition materials can be vaporized 

[0026] The vapor deposition materials used in ibe succes- 
sive vapor deposition system, the vapor dcposilion system or 
the vapor deposition process according to the present inven- 
tion can be any vapor deposition materials as long as they 
can be vaporized via the application of heat Such vapor 
deposition materials can be, eg, any known fianctiooal 
organic-thin-layer forming material used for the formation 
oflayersofan organic electroluminescent device, an organic 
solar battery or an organic FET {f\M effect transistor) Such 
vapor deposition materials can also be, e.g , a metal, or any 
known inorganic compound material such as oxide, nilridc, 
carbide or halogcnidc Typical organic materials of the 
luminescent layer or the eleciron-U'anspDrling layer of the 
organic electroluminescent device include tris(S-hydro;i- 
yquinoline)aluminum complex compound (commonly 
called "Alqa") Typical organic materials of ihe hole-trans- 
porting layer of the organic electralumincsccnt device 
include arylamine compounds such as N,N '-diphenyl-N,N'- 
bis(3-methylphcnyl)-l,T-diphenyi-4,4'-diaminc (commonly 
called *TPD") 

[0027] On the other hand, typical inorganic maiedals used 
for tlie organic electroluminescent device include inorganic 
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compound malenaJs such as mclal hitlidc^ aod iilso include 
aluminum, magnesium and silver thai arc mainly used as 
materials for an clccirode . U should be noled ibat the present 
invention does no! concern the vapor deposition materials, 
uccordinglyj other examples of organic or inonranic mate- 
rials used for the formation of layers of the organic elec- 
troluminescent device are not herein disclosed 

[(H)28] The prcscni disclosure relates to subjeci matter 
contained in Japanese Patent Application No 2001-153367 
(filed on May 23, 2001) which is expressly incorporated 
herein by reference in its eniirety 

BRIHI^ DESCiUPTlON OF THE DllAWINGS 

[002 y] The present invention will be described below in 
detail with reference to the accompanying drawings in 
which: 

[(M)30] FIG- 1 is a general side view of an embodimenl of 
a successive vapor depositioD system according to the 
present invention; 

[0031] FIG. 2 is a perspeclive view of a fundamental 
portion of the successive vapor deposition system shown in 
FIG„ 1; 

[0032] FIGn 3 is a partial cross-section of a fundamental 
portion of a transfer system for !he transfer of substrates; 

[0033] FIGS. 4A, 4B and 4C arc plan views of examples 
of a crucible provided in the successive vapor deposition 
system shown in FIG. 1, showing examples of iha structure 
of partitions formed therein; 

[(M)34] FIG. 5 is CI pcrspeciivc view of the crucible shown 
in FIG- 4A; 

[0035] FIG. 6 is a cross sectional view of the crucible 
shown in FIG. 4 A, talicn along VI-V] line in FIG. 4A; and 

[0036] FIG. 7 is a longitudinal cross sectional view of the 
crucible 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[(MB7] FIG. 1. shows an embodiment of a successive 
vapor deposition system according to the present invention, 
lie successive vapor deposiliojs system 1 is provided wilb 
a plurality of substrate holders 10 and a plurality of con- 
veying rollers 11 which conveys the substrate holders 10 
from right to left as viewed in FIG. 1 The plurality of 
substrate holders 10 and the pluraliiy of conveying rollers 11 
constitute a conveyer The plurality of conveying rollers 11 
are driven by a motor (not shown) The successive vapor 
dcpQsilioo system 1 is provided^ in a conveying direction of 
the substrate holders 10 (the horizontal -leftward direction as 
viewed in FIG, 1; hereinafter referred to as **coovcymg 
direction''), with a preparation stage 12, a preliminary 
vacuum chamber 13^ a first vapor deposition chamber 14, a 
second vapor deposition chamber (co-deposition chamber) 
15, a third vapor deposition chamber 16^ a preliminary 
ejection chamber 17 and an cjeclioa stage 18^ in this order 
from right to left as viewed ic FIG, 1 Each of the chambers 
13 through 17 includes a space (conveyance space) through 
which the substrate holders 10 are conveyed in the convey- 
ing directioo, and is partitioned so that vacuum in the 
chamber can be controlled via a corresponding gate 19 



indepeadenlly of the oJbcr chambers Namely, the succes- 
sive vapor deposition system 1 Is provided for each of the 
chambers 13 through 17 with a vacuum pump P so thai the 
degree of vacuum in each of the chambers 13 through 17 can 
be controDed with the associated vacuum pump P Each gale 
19 can be controlled to open only during the conveyance of 
one substrate holder 10 from the previous chamber (or stage) 
to the subsequent chamber (or stage) in the conveying 
direction Alternatively, each gale 19 can remain opened at 
all times it the substrates (not shown in F1G« 1) held by the 
substrate holders 10 are successively conveyed thereby for 
mass production Conventional techniques arc used for the 
formation and the operation of each of the chambers 13 
through 17, Tbc successive vapor deposition system I is 
preferably provided in a clean room 

[0038] As shown in FIGS. 2 und 3^ each substrate holder 
10 is provided, at a center thereof with a rectangular opening 
10a, and is further provided, on an bottom surface thereof, 
with a pair of V-grooves I0£? which extend paraUe] lo each 
other in the conveying direction As shown in FIG. 3, a glass 
substrate 20 is mounted on each substrate holder 10 with an 
area 20^ to be vapor-dcposited (hereinafter, an vapor-dcpo- 
silioE area) 20(7 of the glass substrate 20 being open 
(exposed) to the underside of the substrate bolder 10 via the 
opening iOa Ttie vapor deposition area 20/7 is defined by the 
opening Wa as a rectangular area having a length X in the 
conveying direction and a w^idtb Y in a direction perpen- 
dicular to the conveying direction. Although one glass 
substrate 20 is mounted on one substrate holder 10 in the 
illustrated embodiment, more than one glass substrate 20 
can be mounted on one substrate holder 10 in accordance 
with the size of the glass substrate 20 

[0039] Accordingly, when the conveying rollers XI arc 
driven J the glass substrate 20, in which the vapor deposition 
area 20rt is exposed to the underside of the associated 
substrate holder 10 via the opening 10^ thereof, is conveyed 
from the preparation stage 12 to the ejection stage IH in 
sequence via the intervening cha Gibers 13, 14, 15, 16 a^id 17 

[0040] If the size of the vapor deposition area 20i7 needs 
to be defined by a shadow mask (not shown), the shadow 
mask can be integrated with the substrate holder 10, 

[0041] In the illustrated embodiment shown in FIG, the 
successive vapor deposition system 1 is provided^ in each of 
tbc first and third deposition chambers 14 and 16 below a 
horizontal plane on which the substrate holders 10 lie^ with 
a container (crucible) 21 The successive vapor deposition 
system 1 is provided, in the second vapor deposition cham- 
ber (co-deposition chamber) 15^ with three crucibles 21 
(21A, 2iB and 21 C) Tliese five crucibles 21 have basically 
the same structure, and each crucible 21 is in the shape of a 
rectangular box elongated in a direction perpendicular to the 
conveying direction. Forming the crucible 21 as explained is 
advantageous, since the vapor deposition area 20a can be 
covered by the minimum length (width) of the crucible 21 in 
the direction perpendicular to the conveying direction In 
other words, as long as a crucible 21 is designed to have the 
above advantage, other factors of a crucible 21, such as the 
shape and orientation thereof » have some degree of freedom 

[0042] Each crucible 21 is designed so that an inner length 
21Y (see F1GS« 2, 4A and 6) thereof in a direction perpen- 
dicular to the conveying direction is slightly greater than the 
width Y of the vapor deposition area 20a Namely, the inner 
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length 21 Y is dclcrmincd so thai the crucible 21 fully covers 
tho viipoiT deposilion area 20rt (the width Y) id a dirccliou 
perpeadicujar to the coaveying direction 

[(H)43] in adciitian, a depth 212 (see FIGS. 6 and 7) of 
each crucible 21 is dctcrtnined so thai the vnpor deposition 
material 22 contained in the crucible 21 to be vaporized by 
the application of beat can ascend in a direction of the depth 
21Z wiUiin the crucible 21 (toward ihc vapor deposilion area 
20a) efficiently. In other words, this arraDgemenl is lo obtain 
the chimney effect on the vaporised materia] 22 Likewise, 
in order to obtain the cbimaey effect ^ the amount of the 
vapor deposilion matcriti] 22 contained in ihe crucible 21 is 
set al a small amount Ajj inner widih 2 IX of each crucible 
21 is preferably determined lo be smaller than each of the 
inner length 21 Y and the depth 212 so that Uie layer formed 
on the vapor deposi{ion area 2i)a does noi become uneven in 
the conveying direction 

[0044] The moer space of each crucible 21 is partitioned 
by a plurality of partitions 2 IP. FIGS. 4A, 4B and 4C show 
different examples of the way lo partition the inner space of 
each crucible 21 The partiiions 21P arc formed in each 
crucible 21 for the purpose of applying heat to the vapor 
deposilion material 22 in ihe crucible 21 uniformly lo 
thereby vaporize the vapor deposition malcrial 22 uniformly 
Tlie partitions 21P extend p^iralJel to one another but do not 
extend paraHel to the conveying direction Namely, the 
parlilions 21P extend parallel to one another in a direction 
oblique lo She conveying direction This oblique arrange- 
ment of the partitions 2 IP is advantageous lo form a layer of 
the vapor deposilion material uniformly on the vapor depo- 
sision area 20rt because each poin! on the vapor deposilion 
area 20a can passes over al least one partition of each 
crucible 21 so lhai the vapori7.ed maierial ascending there- 
from can reliably be deposilcd onto ihe vapor deposition 
area Ida Hence, the angle of inclination of Ihc partitions 
2 IP and the spacing therebetween arc determined so that a 
layer of the vapor deposition material is formed uniformly, 
Each cmcibic 21, togeiber with the parlilions 2LP thereof, is 
preferably made of a high thermal conductive material (c g , 
a material having a thermal conductivity of al least 
lW/ra*K) such as carbon 

[0045] The vapor deposition material 22 contained in each 
crucible 21 is precisely weighed to be distributed equally 
among the partitions in each crucible 21 If I he vapor 
deposition material 22 is not distributed equally among Ihe 
parlilions in each crucible 21, ihe density of molecules of ihc 
vapor deposition materia) vaporized &om each parlilion 
becomes uneven with time even if Ihe lemperaturc distribu- 
tion of the vaporized vapor deposition material 22 is even in 
a direction perpendicular lo the conveying dirccliont i e , in 
the direcJion of the inner length 2XY This makes tl difficult 
to ensure the evenness of the layer of the vapor deposifion 
material over the whole vapor deposition area 20^7 

[0046] As shown in FIGS.. 2 and 7, the successive vapor 
deposition sysJcm 1 is provided, around each cniciblc 21, 
wiih some filamenis (beating wires) 23 ser\'ing as a heaUng 
medium The temperature of each crucible 21 can be con- 
trolled by adjusting the elccu-ic current applied io the 
fiiamenis 23 

[0047] Each of the two crucibles 21 provided in the iirsl 
and third vapor deposition chambers 14 and 16 is fixed lo a 
pair of slalionary vertical plaies 24 lo be held verticnUy 



therebetween. Specifically, if a central plane of each crucible 
21 is defined as a plane which passes through she center of 
the inner width 21X of the crucible 21 in a direction of the 
depth 2lZy each of the iwo crucibles 21 is lixed lo the 
associated pair of vertical plaits 24 so lhal Ihe central phtne 
extends in a direction perpendicular to the vapor deposiJioo 
areas 20^7 of Ihe glass subsirates 20, whicli are conveyed in 
a horizontal direciion, On the other hand, regarding the 
remaining three crucibles 21 (21 A, 21B and 21C) provided 
in she second vapor deposition chamber (co-deposition 
chamber) 15, the respective reciangular top openings of the 
three cnicibles 21 (21A, 2iB and 21C) cxteod in a dircciioa 
perpendicular lo the conveying direction so that the respec- 
tive vaporized materials ascending from the three crucibles 
21 (21A, 21B and 21 C) are co-deposited onto a common 
area on the vapor deposition area 20ff of each glass subslrate 
20. In particular, the central crucible 21 B is lixed to a pair 
of stationary vedical plaies 24 (24B) to be held vertically 
therebetween in a manner similar to that of each of the iwo 
crucibles 21 provided in the first and third vapor deposition 
chambers 14 and 16, while each of the other two crucibles 
21 (21A and 21C) is rotatably held between a pair of 
stationary vertical pliites 24 (24Aor 24C) aboul a shaft 25 
which extends m a direciion perpendicular lo ihe conveying 
direction, so that the angle of inclination of each of the iwo 
crucibles 21Aand 21 C relative io the central crucible 2 LB is 
adjustable about ihc shaft 25 One of the pair of stationary 
vcrdcal plates 24A which supports ibe crucible 21 A is 
provided wiih a circular arc slot 26 which extends about the 
associated shaft 25, and the crucible 21 A is provided wiib a 
set screw 27 which passes through the circular arc slot 26 to 
be screwed inio the crucible 21 A (see FIGS« 1 and 7) 
LiliewisCj one of the pair of stationary vertical plaies 24C 
that supports Ihe crucible 21 C is provided with a circular arc 
slot 26 which extends about Ihe associaled shaft 25, while 
Ihe crucible 21C is provided with a set screw 27 which 
passes through the circular arc sloJ 26 lo be screwed into the 
crucible 21C (see FIGS. 1 and 7) Accordingly, such 
angle-adjusling stmcturcs of Ihe two cmcibles 21 A and 21C 
make it possible to co-deposit the respective vaporized 
materials ascending from the three crucibles 21 (21 A, 21 B 
and 2iC) onto a common area on the vapor deposilion area 
20a of each glass substrate 20. In praclice, the respective 
angles of the two cmcibles 21A and 21C relative to ihe 
central crucible 21B are preferably adjusted so lhal Ihe 
central plane of each of Ihc Iwo crucibles 21A and 21C 
iniersecis the ccnSral plane of the central crucible 21B al a 
straight line on the vapor deposition area 2(}a of a given 
glass substrate 20 The ideal angles of the two crucibles 21A 
and 21 C relative lo the central crucible 210 can be easily 
determined by experimcnlation 

[0048] As shown in FIG, 7, the successive vapor deposi- 
tion system 1 is provided, al the ;op of each crucible 21 ^ with 
a double-doored shutter 28 lor opening and closing the open 
lop of Ibe crucible 21, and/or is provided, around each 
cr^icible 21, with a water-cooled jacket 29 (both Ihe double- 
door shullcr 28 and the waler-cooled jacket 29 are shown in 
FIG. 7) Tile dauble-doored shutter 28 is provided wiih a 
pair of shutter plates, each pivoted al a corresponding plvol 
28^ to open and close ihc open top of Ihe crucible 21 For 
instance, the double-doorcd shutter 28 opens al ihe time the 
Icmperalure of the associated crucible 21 (the vapor depo- 
sition maleriai 22) reaches a predetermioed tempera lure, and 
at the same lime when a glass substrate 20 is being conveyed 
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lo lie positioned above ihc assacialed crucible 21; and the 
sbuucr 28 closes iil oihcr limes. Tlic walcr-cooled jacket 
29 is provided with a panel 29^ which surrounds the crucible 
21 with a predelermined gap hclween the panel 29ft and the 
crucible 21 > and is further provided ^ on na inner surface of 
ihe panel 29//, with a cooling lube 296 in which cooling 
water travels to iDinimizc ihc effect of the radiation of heal 
from the crucible 21 on peripheral devices of the system 1 
when the tempera lure of the crucible 21 rises Tibe water- 
cooled jacket 29 can be used together with the filaments 23 
io serve as a Icmperalure coniroiJcr for controlhng Ihe 
temperature of the associated crucible 21 (the vapor depo- 
sition material 22) Afiim-Lhickncssdeteclion monitor and a 
coni roller therefor, which arc available on the cnarket, can be 
provided on an upper end of each crucible 21 so as not lo 
overlap the vapor deposition area 20r7 of the glass substrate 
20 positioned above the cnjcible 21 Due to this ar rarsgc- 
meat, the value of the electric current applied to the fila- 
ments 23 can be controlled by the film-lhickncss deteciion 
monitor and the controller therefor, so that a desired accu- 
mulation speed is obtained by mooitoring the accumulation 
speed during the process of evaporaiion of the vapor depo- 
sition malerial onto the vapor deposition area 20a 

[0049] Ihe successive vapor deposition system 1 that has 
the above described structure can be used as a syslem for 
maaufactunng red-lighl-emitdng organic electrolumines- 
cent devices in ihe following manner: 

[0050] ITO glass substrates, on which a Iranspareni elec- 
trode (!T0 serving as an anode) has been formed in advance, 
are used as the glass substrates 20; 

[0051] TPD which ser^'cs as a material of a hole -trans- 
porting layer of the organic electroluminescent device Is 
provided m Ihe crucible 21 in ibe first vapor deposilion 
chamber 14; 

[O052] Alq3 which serves as a host material of a lumines- 
cent layer is provided in the central crucible 21B in the 
second vapor deposition chamber 15; 

[0053] RBbrene which serves as a dopan! maleriaJ for 
yellow Is provided in the crucible 2lAin the second vapor 
deposition chamber 15; and 

[0054] DCM2 which serves as a dopani material for red is 
provided in the crucible 21C in the second vapor deposition 
chamber 15 

[O055] In this particular case, for the purpose of making 
DCIV12 which serves as a red-light emission material emit 
light efQcientiy, rubrcnc is liscd to serve as an auxiliary 
dopant material for transferring excitation energy generated 
from Alq^, which serves as host malerial, lo DCM2 
smoothly. At ibis time, the temperatures of the crucibles 
2iA, 21B and 21C in the second vapor deposition chamber 
(co-deposition chamber) 15 arc controlled indcpcndenlly of 
each other so that the aforcmeniioncd rubrene, Alq^ and 
DCM2 which are respectively contained in the crucibles 
21A,21B and 21 C are vapori2ed lo be co-deposited onto the 
vapor deposition area 20fl of each glass subsJraic 20 at a 
desired mixture ratio Alq3 which ser\'es as a malerial of an 
electron transporting layer is provided in the crucible 21 in 
Ihe third vapor deposition chamber 16 

[(M>56] After such vapor deposition materials have been 
contained in the five crucibles 21, layer-forming operations 
(vapor deposition operations) are performed in the following 
manner 



[0057] First of all, each of the preliminary vacuum cham- 
ber 13, the iirsl through third vapor deposition chambers 14, 
15 and 16, and the preliminary ejection chamber 17 is 
exhausted to a predetermined degree of vacuum, and the 
respective crucible is heated to a predetermined ^emperatu^e 
in advance In this state, each of the glass substrates 20 
mounted on the substrate holders 10 is firstly brought into 
the first vapor deposition chamber 14 so that the vaporized 
materia! (TPD) ascending therefrom is deposited onto the 
vapor deposition area 20a to form a holc-iransporting layer 
thereon 

[0058] Subsequently, the glass subsiraie 20 on which the 
hole-transporting layer has been formed is brought into the 
second vapor deposition chamber (co-depusii ion chamber) 
IS so thai the three vaporisuid materials (nibrcnc, Alqg and 
DCM2) ascending therefrom are co-deposited onto the 
vapor deposition area 20^v to form a luminescent layer on the 
hole-transporting layer. The ratio (co-deposition ratio) of the 
accumulation speed of the vapor deposition material from 
the crucible 21A, lo the accumulation speed of the vapor 
deposition material from the crucible 21 B, and to the accu- 
mulation speed of the vapor deposition material from the 
crucible 21C can be precisely controlled by controlling the 
beating temperatures of the crucibles 21 A, 21B and 21C so 
that the accumulation speed of the vapor deposition malerial 
from each of the crucibles 21 A, 21B and 21 C which is 
monitored by the associated film thickness del eclion monitor 
becomes a desired speed 

[0059] Furthermore, the glass substrate 20 on which the 
iuminesceol layer has been formed is brought into the third 
vapor deposition chamber 16 so that the vapor tzed material 
(Alq^) ascending therefrom is deposited onto the vapor 
deposition area 20^? to form an elccfron-iransporting layer 
thereon If oiher layers such as an electrode layer serving as 
a cathode needs lo be farmed on each glass substrate 20, the 
successive vapor deposition syslem 1 only needs lo add one 
or more additional vapor deposition chambers 

[0060] In the present embodiment of the successive vapor 
deposition system 1 in which thin layers of diHercnl vapor 
deposition materials arc co-deposited onto each gliLss sub- 
strate 20 uniformly as the glass substrates 20 are conveyed 
linearly, the control of the layer thickness can be achieved by 
coalroliing the accumulation speeds detected by the afore- 
mentioned film thickness detection monitor and also the 
conveying speed of the glass substrates 20 In this case, I he 
layer thickness can be controlled by moving the glass 
substrates 20 back and forth intentionally so thai the glass 
substrates 20 reciprocate above the crucibles 21 and by 
adjusting the number of the reciprocating motions and the 
moving speed of the glass substrates 20 Tlais control can be 
combined with the layer thickness control using the double- 
doored shutter 28, which is provided at the top of the 
crucibles 21 

[0061] Unlike a conventional successive vapor deposition 
system in which substrates arc successively transferred from 
one chamber to another among a plurality of vacuum 
deposition chambers via a robotic system of a centra! 
vacuum carrier robolic chamber positioned at the center of 
the plurality of vacuum deposition chambers, the above- 
described layer forming process has the following features: 

[0062] (1) layers of vapor deposition materials can be 
successively formed onto the vapor deposition area 
20a of each glass substrate 20 as the glass plates 30 
are conveyed in the conveying direct lots; 
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[0063] (2) a layer of each vapor deposition material 
can be formed on a large vapor dcposilion area ea^sily 
because each entire layer can be formed on the vapor 
deposiiioQ area 2\}a of each glass substrate 20 at the 
same time in the direction of ihc wtdlh Y (see FFG^ 
2) of [he vapor deposition area 20a, 

[0064] (3) dilTerenl vapor deposition trsaieriajs can be 
vaporized lo be co-deposited entirely onto the vapor 
deposiuon area 20fl of encb gliiss substrate 20 lo 
form a hycr of the diilercnEt vapor deposilion mate- 
rials at a given precise ratio (co-deposition ratio); 
and 

[0065] (4) a hyer of each vapor deposition material 
can be formed on the vapor deposition area 20a ol 
each glass substrate 20 with minimiim waste of the 
vapor deposition materials 

[00fi6] Although the idiove illuslralcd ennbodiment of the 
successive vitpor deposition system is provided with a 
plurality of vapor deposition cbumbers (14, 15 and 16), It is 
possible to provide a vapor deposition system including only 
one vapor deposition chamber corresponding to one of the 
first and third vapor deposition chambers 14 and 16 Accord- 
ing to this vapor deposition system, a vapor deposition 
material can be deposited onto ihe vapor deposition area 20^? 
of each glass substrate 20 with minimum waste of the vapor 
deposition material Moreover^ it is possible to provide a 
vapor deposition system including only one vapor deposi- 
tion chamber corresponding to the second vapor dcpasltion 
chamber (co-deposition chamber) 15 According \o ibis 
vapor deposition system ^ diSerenl vapor deposition materi- 
als can be co-deposited onto the vapor deposition area 20^ 
of each glass substrate 20 with minimtim waste of the vapor 
deposition materin^s while the co-deposition ratio can be 
controlled precisely 

[0067] In the above iilusiraled embodiment of the succes- 
sive vapor deposition system, a j>rocess of depositing dif- 
ferent organic substances onto an ITO gloss substrate to 
form the bolc-^ransporting layer, a luminescent layer and the 
elcctron-lransporling layer successively on the ITO glass 
substrate has been discussed A cathode layer needs to be 
formed on the electron-transporting layer to prox^ide an 
organic electroluminescent device as a completed product. 
Since a vapor deposition area of the glass substrate onto 
which a material of the cathode layer is deposited is not 
identical to that onto which the organic substances of the 
bole-transporting layer, the luminescent layer, and the elec- 
tron-transporting layer arc deposited, it is generally the case 
that a vapor deposition area of the glass substrate on which 
the organic substances are deposited is defined by a shadow 
mask (or a member having both a function of a shadow mask 
and also a function of a substrate holder on which the glass 
substrate is mounted) A mcchaGism for placing, removing, 
replacing and/or positioning such a shadow mask or dual- 
function member is known in the art, and is not related to the 
purpose of the present invention Accordingly^ a process of 
forming the cathode layer on the electron-transporting layer 
is not herein discussed The cathode layer can be formed on 
the eieclron-lransporting layer in a manner similar lo the 
above described manner of forming another layer on the 
glass substrate after ^ vapor deposition area of the glass 
substrate, onto which a material of the cathode layer is 
deposited, is dcOned. Although the inner space of each 
crucible 21 is partitioned by the plurality of partitions 21 P 
which extend in a direction oblique to ibe conveying direc- 
tioQ, the present invention is not limited solely to this 



particular arrangement Namely, the plurality of crucibles 
can be arranged in a direction perpendicular \o the convey- 
ing direction 

[0068] As can be understood from the foregoing, accord- 
ing to the present invention, a vapor deposition system 
which makes it possible lo form layers of vapor deposition 
materials on a substrate successively with efliciency and 
with minimum waste of the vapor deposition materials is 
achieved Moreover, a vapor deposition system which 
makes it possible to form a layer of a vapor deposition 
material on a substrate with minimum waste of the vapor 
deposition material is achieved Furthermore, a vapor depo- 
sition system which nnalces it possible to co-deposit different 
vapor deposition materials onto a substrate to form layers of 
different vapor deposition materials thereon at a specific 
ratio witlj minimum waste of the vapor deposition materials 
is achieved 

[0069] Obvious changes may be made in the specific 
cmbodimcnl of the present invention described herein, such 
modifications being within the spirit and scope of the 
invention claimed It is indicated that all matter contained 
herein is illustrative and does not limit the scope of the 
present invention 

What is claimed is: 

1 A successive vapor deposition system in which at least 
one vapor deposition material is healed, vaporized in a 
vacuum, and deposited onto a vapor deposition area of a 
substrate, said successive vapor deposition system compris- 
ing: 

a conveyer which conveys said substrate in a conveying 
direction parallel to a horizontal plane on which said 
substrate lies, wherein said vapor deposition area faces 
downward and is exposed ih rough the underside of said 
conveyer; 

a plurality of vapor deposition chambers aligned in said 
conveying direction, wherein each of said vapor depo- 
sition chambers comprises a space through which said 
substrate is conveyed in said conveying direction; 

at least one container positioned, in each of said plurality 
of vapor deposition chambers, below said horizon lal 
plane on which said substrate lies, and containing said 
vapor deposition material, wherein a width of said 
container covers said vapor deposition area in a direc- 
tion perpendicular lo said conveying direction; and 

a heating medium provided for said al least one container 
for heating said vapor deposition material 

2 The successive vapor deposition system according to 
claim 1, wherein al least one of said plurality of vapor 
deposition chambers are provided with said at least two 
containers provided t herein ^ and wherein respective top 
openings of said plurality of containers extend in a direction 
perpendicular lo said convejdng direction so that respective 
vaporized materials ascending from said plurality of con- 
tainers are co-deposited onto a common area on said vapor 
deposition area of said substrate 

3, Th& successive vapor deposition system according to 
claim 2, wherein at least one of said pluraUiy of containers 
is adjustably tilled at a desired angle relative to other 
conlainijrs in order to define said common area, 

4, The successive vapor deposition system according to 
claim I, wherein a depth of said at least one container is 
determined so thai said vapor deposition material to be 
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vaporized which is coaliiincd in said conuincr ascends in :\ 
dircciico of said cicpih ihrough said container and toward 
said vDpor deposition area of said subsirale 

5 Tlie successive vapor deposition sys?crri according to 
chitn 1, wherein said at least one conJaincr comprises a 
plurality o£ partitions which partition an inner space of said 
al least one conlaifier 

6 Hie successive vapor dcposilion system according to 
chim 5, whcreifi said plurality of partiiions extend parallel 
to each other in a direction oblique to said conveying 
direction 

7 Ttie successive vapor deposition systejn according (o 
claim 1 J wherein said vapor deposition material comprises at 
least one of an organic subsiance, a metal, and an inorgatiic 
compound , 

8 The successive vapor dcj^osition system according to 
claim 7^ wherein said successive vapor deposition system is 
used to form al least one iijyer of an organic electrolumi- 
nescent device 

9. Tlie vspor deposition system according to claim 1, 
whercie said conveyer comprises at least one substrate 
bolder on which said substrate is mounted, and wherein ars 
opening is formed on said substrate holder so thai said vapor 
deposition area is exposed through the underside of said 
si^bslrale holder via said opening 

10 A vapor deposition sysiem in which at lease one vapor 
deposition material is healed, vaporized in a vaaium, and 
deposited onto a vapor deposition area of a substrate, said 
vapor deposition system comprising: 

a conveyer which conveys said substraic in a vapor 
deposition chamber in a conveying direction parallel to 
a horizontal plane on which said substrate lies, wherein 
said vapor deposition area faces downward and is 
exposed through the underside of said conveyer; 

at least one container positioned, in said vapor dcposiJion 
chamber, below said barixontal plane on which said 
substrate lies, and containing said vapor deposition 
miHerial, wherein a widlh of said container covers said 
vapor deposislon ma in a direction perjiendicular to 
said conveyir^g direction; and 

a healing medium provided for said container for beating 
said vapor deposition material 

11. llie vapor deposition system according to claim 10, 
wherein said at least two containers are provided, and 
wherein respective top openings of said plurality of coti- 
tainers extend in a direction perpendicular to said conveying 
direction so that respective vaporized materials ascending 
from said plurality of containers arc co-deposilcd onto a 
common area on said vapor deposition area of said si^bstratc 

12 The vapor deposition sysiem according lo claim 11, 
wherein ai least one of said plurality of containers is 
adjustably lilted at a desired angle relative lo other contain- 
ers in order lo define said common area 

13 Hie vapor deposition system according to claim 10, 
wherein a depth of said conUiner is determined so that said 
vapor deposition maierial to be vaporized which is contained 
in said container ascends in a direction of said depth through 
said coniainer and toward said vapor deposition area of said 
substrate 

14 The vapor deposition system according to claim 10, 
wherein said container comprises a plurality of partilions 
which pariitioQ an Inner space of said container 



15 Hie vapor deposition system according to claim 14, 
wherein said plurality of pariiijons extend parallel to each 
other in a direction oblique to said conveying direction 

16 Hie vapor deposition system according to claim 10, 
wherein said vapor deposition material comprises at least 
ooe of an organic substance, a mcvA and an morgaoic 
compound 

17. Ttie vapor deposition system according to claim 10, 
wherein said vapor deposition system is used to form al Icasi 
one layer of an organic electroluminescent device 

IS The vapor deposit ion sysiem according to ciaim 10, 
wherein said conveyer comprises at least one substrate 
bolder on which said substrate is mounted, and wherein an 
opening is formed on said substrate holder so that said vapor 
deposition area is exposed through the underside of said 
substrate holder via said opening 

19. A vapor deposition process in which aJ least one vapor 
deposition maierial is healed, vaporised in a vacuum, and 
deposited onto a vapor deposition area of a substrate^ said 
vapor deposition process comprising: 

conveying said substrate inJo an inner space of at least one 
vapor deposition chamber in a conveying direction 
parallel to a horizontal plane on which said substrate 
lies, wherein said vapor deposition area faces down- 
ward and is exposed via an opening in the underside of 
said conveyer; 

positioning said substrate, m said inner space of said 
vapor deposition chamber, above al least one container 
positioned in said inner space of said vapor deposition 
chamber, said container containing said vapor deposi- 
tion material, wherein a width of said container covers 
said vapor deposition area in a direction perpendicular 
lo said conveying direction; and 

healing, said container to evaporate said vapor deposition 
material onto said vapor deposition area 

20 'ITie vapor deposition process according to claim 19, 
wherein said al least two vapor deposition chambers arc 
aligoed in said conveying direction, said container being 
positioned in each of said plurality of vapor deposition 
chambers; and wherein said heating is performed in each of 
said containers so that said vapor deposition material is 
vaporized to be co-deposited on said vapor deposition area 
of said substrate 

21. 11^e vapor deposition process according to claim 19, 
wherein said at least one vapor deposition maleriai com- 
prises a plurality of diflcrenl vapor deposition materials; 

wherein said al leas! two containers, which respectively 
contain said plurality of din"erenl vapor deposition 
materials, arc provided, and said plurality of containers 
are positioned in one of said plurality of vapor dcpo- 
silion chambers; and 

wherein each of said plurality of containers is heated so 
thai said plurality of diflercnt vapor deposition mate- 
rials are vaporized to be co-deposilcd onto a common 
arc on said vapor deposition area of said substrate . 
22 lite vapor deposition process according to claim 19, 
wherein said vapor deposition process is performed so as to 
form at least one layer of an organic electroluminescent 
device 

Jjt ^ * ij: + 
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Abstract 

A key requirement for fabrication of organic light emitting diode 
(OLED) displays is uniform film deposition over large areas 
because of the sensitivity of emission color and efficiency on film 
thickfjess Conventional deposition using point sources is 
unattractive because of the requirement of a large source to 
substrate separation, usually with substrate rotation, to achieve 
acceptable thin film uniformity. By translating a novel extended 
linear evaporation source in a single direction, film non- 
unifonnity of less than 5% has been demonstrated over a 300 mm 
X 400 mm substrate with a source to substrate separation of J 00 
mm 

OLEDs with all organic layers deposited using linear sources 
have been determined to operate identically to devices fabricated 
using conventional point sources The performance of doped and 
undoped devices as well as the advantages of linear source 
deposition aver conventional deposition techniques will be 
described. 

1. Introduction 

Since the discovery of efficient electrolumirtescence from organic 
thin films [1]^ progress iji niaterials and configurations has 
resulted in high efficiency red [2], green [3], and blue [4} emitting 
single-pixel test devices with excellent operational stability 
characteristics. Organic light emitting diode (OLED) display 
devices have also been developed^ with passive matrix 
monochrome devices being commercialized in 1997 [5] and fijll- 
color active matrix displays expected to be mess produced in 2002 
[6] OLED displays appear to be ideal for bw, as well as high 
information content hand-held applications, and are expected to 
become widely adopted in cellular telephones where performance 
feamres of wide-angle viewing, high contrast^ low power, thin 
structure, and fast response lime are important. 

Although significant device progress has been realii^ed, 
continuous improvements in fabrication methods ^e necessary in 
order to attain high manufacturing yield. One critical issue is that 
of organic thin film deposition. Film thickness uniformity over 
large substrate areas is importajit because of the pronounced 
emission spectral dependence on layer thickness [7]. Highly 
uniform deposition can, of course^ be achieved by a large source 
to substrate separation and substrate rotation, however^ this 
becomes unattractive as the substrate size is increased and the 
vacuum chamber required becomes proportionally larger. 
Additionally, as the source to substrate separation increases, the 
fraction of material that deposits on the substrate is reduced, with 



the result being both a poor deposition yield and the need for 
frequent chamber maintenance 

A novel extended linear source has been developed that offers 
significant advantages over the conventional poiiJt source 
deposition approach , Figure 1 is a schematic drawing of a linear 
source and substrate The source is operated by establishing the 
deposition rale in a position remote from the substrate (home) and 
scanning the source under the substrate as shown^ Uniformity in 
the Y-axis direction is achieved by appropriate design of the linear 
source so that a uniform vapor flux is attained along its length. 
Uniformity along the X-axis is achieved by maintaining both a 
constant source emission rate as the source is scanned and a 
controlled scan rate, Typically, the source is scanned under the 
substrate twice (one round trip), returning to the home position for 
adjustment of the deposition rate while another substrate is loaded 
into the deposition chamber. 



Substrate 




Linear Source 



Figure L Schematic of linear source and substrate. The 
source is translated in the X direction during a coating 
operation. Of course, a system could also be designed 
where the substrate moves over a stationary linear source, 

While uniformity is clearly important, device performance cannot 
be compromised by the method of organic thin film deposition 
This paper describes deposition uniformity as well as operating 
performance of OLED devices fabricated using novel linear 
sources 
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2. Linear Source Design 

A photograph and a cross sectional drawing of the linear source 
[8] is shown in Figure 2. The organic maierial is placed in the 
quartz boat and heated by a bias (bottom) and primary (top) 
healer The bottom heater, fabricated from tantalum^ is used to 
de-gas ar^d heal ihe organic material to a ternperature below the 
vaporization temperature, typically about 200^0 "Hie top heater> 
also tantalum^ k operated ai a temperature sufficient to vaporize 
the upper surface of the organic powder by radiative heating, 
avoiding the necessily to heat the entire source charge to the 
vaporization temperaf^Jire Typically, the bottom heater 
temperature is kept constant during deposition and the top heater 
temperature is adjusted to attain the desired source vapor emission 
rate The vaporized organic material exits the source through the 
aperture in the top heater. A baffle is incorporated in the top 
heater to prevent ^^spitting" of particles, which is of particular 
importance for OLED devices because of the thin film structure 
and sensitivity lo electrical shorting. 




Cross sectional view 

Figure Linear source showing primary heater, 

secondary heater and quartz boat The source shown is 25 
mnti (W) X 25 mm (H) i 250 mm (L). The 500 mm source 
has the same cross-sectional area and differs from the 250 
mm source only in length. 

Two source sizes have been evaluated. For device fabrication, the 
quartz boat length was 250 mm with an aperture length of 200 
mm, designed for deposition on 152 4 mm square substrates , A 
longer source, designed for coating 300 mm wide substrates and 
used for evaluating source emission uniformity, incoiporated a 
500 mm long qnanz boat and 440 mm long aperture. For both 
source styles, all other dimensions (height, width, quartz 
thickness, etc .) were the same, 



3- Linear Source Uniformity 
(500 mm source) 

The deposition uniformity from the 500 mm source was evaluated 
by monitoring the deposition rate above the source using a linear 
multi-sensor array of quartz crystal oscillators The eight sensors 
were arranged al 68,5 mm intervals, placed 100 mm above and in 
line with the linear source aperture Figure 3 shows the 
normaiized deposition rate of Alq as a function of position The 
deposition rate was approximately 50 A/s and the non«uniformity 
is within 5% over the central 300 mm region. The rate decreases 
rapidly beyond 300 mm, with the deposition rate at the outermost 
sensors being about half that of the central 300 mm sensors. The 
source design is critical for achieving this uniformity and was 
optimized for deposition uniformity over 300 mm using the 440 
mm aperture. 
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Figure 3. Deposition rate as a function of position from a 
500 mm Jinear source. The non-uniformity over the central 
300 mm portion is less than 5%., The inset is a schematic 
drawing of the source and sensor head array configuration. 

4* Device Fabrication 
4*1 Experimental Details 

Linear sources for hole transport and emiuing layer deposition 
were installed in a vacuum chamber as shown schemalically in 
Figure 4. For the hole transporting layer* a single linear source 
was installed, and for the emitting layer, a host source and a 
dopant source were positioned adjacently so both sources could be 
operated simultaneously {o form a mixed layer. The source to 
substrate separation was 100 mm,. The deposition rates were 
adjusted in the "home" position and once the appropriate rate was 
established, the source was scanned below the substrale, The 
deposition rates were set at levels comparable to the rates 
expected for mass production. The deposition was completed in 
one "round trip", and the source was then kept in the home 
position until another substrate was loaded into the chamber 
Because of space constraints in the vacuum chamber, a chimney 
with a 43 mm wide opening was installed to avoid errant 
deposhion on the substrate when in the extreme travel positior^s 
In manufacturing, the coating chamber would be designed so that 
the restriction in the chimney would not be necessary. 
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voltage is also the same for both devices, with about 0,5 V rise 
observed during the test 
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Figure 5. ITO/NPE/Alq/MgAg devices fabricated 
using linear sources and point sources for the organic 
iayers. 



Figure 4, Schematic drawing of source assembly in 
vacuum chaniber. The source length is 250 mni and 
the source to substrate separation is 100 mm. The 
source assembly is translated approximately 390 
mm during deposition, returning to the home 
position to form the full layer thickness. 



In the same vacuum chamber^ point sources were installed so that 
control devices could be fabricated for direct coniparison with the 
linear source fabricated devices The sources were located 
directly belov/ the substrale and the source to substrate separation 
was 406 mm., 

The 152.4 mm square substrates were loaded into the vacuum 
chamber throi^gh a load lock and, after orgar;ic film deposition, 
were placed in a cathode deposition chamber where 1000 A of 
MgAg was deposited at 10:1 A/s. Devices fabricated using the 
linear sources and control devices fabricated using point soijrces 
were deposited on the same substrate and during the same 
pumpdown cycle to minimize substrate-to-substrate variability In 
all cases, the test devices were 0 Icm"^ single pixels. 



42 Rate Dependence 

Test devices with the configuration ITO/HPB {1500 AyAIq (750 
A)/MgAg were fabricated using linear and point sources for both 
>IPB and Alq, For linear source deposition rales from 16 A/s to 
256 A/s, the performance ciiaracteri sties (efficiency, drive voltage 
and stability) were essentially identical to the point source 
controls For example, Figure 5 shows the operational stability of 
the linear source prepared device with the highest NPB and Alq 
deposition rates (higher by over what is estimated for 
manufacturing). Operating at 20 mA/cm^ constant current 
density, the luminance degradation curves are similar, indicating 
that linear source deposition is equivalent to the standard point 
source method for both KPB and Alq. The increase in drive 



43 Device Performance: Red, Green, and 
Blue Doped Structures 

Red+ green, and blue devices were fabricated with a device 
structure of ITO/NPB/EI/ETL/MgAg where EL is the emitting 
layer and ETL is the electron transporting layer. The hole 
transporting NPB layer was 1500 A thick and was deposited on 
all quadrants simultaneously, from either a point source or a linear 
source (as shown in the last section, the NPB by point source and 
linear source methods gives similar results). The EL was 
deposited either by the linear source or point source method on 
the appropriate quadrant by selectively masking the substrate 
during deposition The ETL was Alq from a point source, also 
deposited simultaneously on all quadrants. The thickness of the 
combined EL and ETL. layer was about 750 A for all three colors. 

For all stability tests^ the devices were operated at a constant 
average current density of 20 mA/cm^ This was achieved by 
applying a 40 mA/cm^ constant current pulse alternating with a 14 
V reverse bias pulse (50% duty cycle) at 1 kHz. 

The performance of the red emitting device is shown in Figure 6 
The linear soiurce deposition rate of the EL was 50 A/s for the Alq 
host and approximately 0.65 A/s for the DCJTB dopant The 
point source control Alq and DCJTB deposition rates were 4 A/s 
and approximately 0,04 A/s, respectively. The efficiency of the 
linear source prepared device was 3 cd/A, essentially the same as 
the point source control. The operational stability plots show that 
the linear source prepared devices are slightly more stable than the 
controls, with a luminance loss of about 40% after 2000 h of 
continuous operation . 
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Figure 6. Red emitting devices fabricated using 
linear and point source methods.. 



The performance of the green emitting device is shown tn Figure 
7 The linear source deposition rale was 45 A/s for the host Alq 
and about 1 A/s for the GD2 dopant. In this experiment, the 
control was undoped Alq deposited at 4 A/s As with the red 
emitting device, the operational stability of the linear source 
prepared device is slightly improved compared to the point source 
control and degrades by about 40% after ] 300 h of operation from 
initial luminance of 1089 cd/m^. 
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Figure 8 Blue emitting devices fabricated 
using linear and point source methtids-. 

5, Summary 

A novel linear source useful for fabricaling OLED displays has 
been described. The source is capable of providing high rate, 
uniform deposition over large areas, a key requirement for mass 
production. With a 1 00 mm source to substrate separation, non- 
uniformity of (ess than 5% has been demonstrated across a 300 
mm width. The source design is expected to be extendable to 
larger areas, which will be required as ne?ct generation OLED 
display manufacturing lines are installed 

Simple two-layer undoped OLED devices have been fabricated 
using linear sources at deposition rates from 3 6 to 256 A/s and 
show essentially identical performance to point source prepared 
devices, Additionally, red, green, and blue doped OLED devices 
fabricated using linear sources exhibit the same or better operating 
characteristics compared to point source controls. 

In conclusion* the linear sources described in this paper are well 
suited for mass production of fill t color OLED displays 
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Figure 7. Green emitting devices fabricated 
usinfi linear and point source methods. 

The blue device prepared by the linear source method is compared 
with ihe point source controls in Figure The deposition rate of 
the blue host (BK2) was 50 A/s and the biue dopant (BD2) rate 
was 0,6 A/s. The point source controls were the same 
composition^ with the BH2 deposited at 4 A/s . For both methods, 
the CIE chromattcity and efficiency {2.3 cd/A) were similar. As 
with the red and green emitting devices, the linear source prepared 
devices show a slight stability improvement compared to the 
control, with a degradation of about 50% after 1400 h . 
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